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The overall aim of this thesis was divided in three coherent parts. First, to detect potential risk factors for Autism Spectrum Disorder (ASD), secondly to develop and evaluate a new screening instrument for early detection of ASD in 30 months old children, and thirdly to evaluate a comprehensive intervention program for preschool children with ASD. 
We wanted to investigate if evidence could be found for advantages of establishing a “care chain”, with early detection of ASD leading to the possibility participation in an early intervention program for the child and the family.
The first study was designed to investigate and compare pre- and perinatal risk factors for Autistic Disorder (AD) and Asperger Syndrome (AS) in a population from the south of Sweden. Case participants were children who were diagnosed with AD or AS at the Malmoe Child- and Adolescent Psychiatric Clinic, born 1980-2005, and attended to the Child- and Youth Habilitation Center in Malmoe during the period 1997-2007. The results from this study revealed two major findings, indicating that there was a difference between the two diagnoses according to potential risk factors. To evaluate the overall impact of obstetrical risk factors in the etiology of autism or Asperger syndrome, we combined the variables; birth before 37 weeks of pregnancy, Apgar score at 5 minutes below 7, small-for-gestational-age, and large-for-gestational-age, into a designed dichotomous variable. The OR (with 95% CI) for the combined variable ‘any obstetrical risk factor’, for AD was 1.7, and the corresponding OR for Asperger syndrome was 0.7, and the difference between the estimates for AD and Asperger syndrome was statistically significant (p = 0.02). We found significant difference in immigrant status when comparing the two groups of children. The study showed strong positive association between autism and maternal birth outside Sweden (OR 2.7). The highest OR for autism was found for children of women who were born in sub-Saharan Africa (OR 5.6), and this estimate differed signiﬁcantly from the estimates for the other groups of women born outside of Nordic countries (p = 0.007). In contrast to this, a signiﬁcant negative relationship between Asperger syndrome and maternal birth outside Sweden was found (OR 0.5).
In the second study, we developed and evaluated a new 12-item observational screening instrument for ASD in children aged 30 months, the Observation Scale for Autism (OSA). First, the instrument was validated by assessing 37 children diagnosed with Autism Spectrum Disorder (ASD), 23 with Down Syndrome (DS) and 26 typically developing children (TD). Of the children with ASD, 92% had more than four scores on the OSA compared to 17% in the group of children with DS and 0% in the group of TD children. The specificity improved when the original set of 12 items was reduced to a set including the 9 most discriminating items for ASD. The study indicated that the OSA managed to discriminate children with ASD from children with DS and TD children. Based on the results, a cut-off limit for suspect ASD was chosen (≥3). 
In the third study, the OSA was evaluated in the setting of primary health care for children. In total, 2571 children were screened with the OSA, and a majority of the children (89%) were also screened with the Modified Checklist for Autism in Toddlers (M-CHAT). When screened at 30 months with the OSA, 35 children (1.4%) reached the cut-off for suspected ASD. Information on ASD diagnosis was retrieved from the Child and Adolescent Psychiatric clinic (CAP), and the children were all followed till at least 6 years (mean 7.3 years). We found that among all screened children, 26 were diagnosed with ASD (1.01%). Although promising results from the pilot study, both the OSA and the M-CHAT showed low Positive Predictive Value (PPV) as “stand-alone-instruments” in this naturalistic setting (PPV=14% and 7%, respectively). The M-CHAT showed higher sensitivity than the OSA (41% vs 19%), but also had a higher false- positive rate (93% compared to 86%). If the two instruments were combined (screened positive OSA and screened positive M-CHAT) acceptable PPV but low sensitivity was revealed. In this study we found none of the instruments, neither alone nor in combination, to have satisfying ability to identify children at risk for ASD.
In the fourth study, we evaluated an existing ABA-based intervention program for preschool children with ASD, the Comprehensive Intensive Early Intervention (CIEI) program.  Improvement of Autism Diagnostic Observation Scale (ADOS) scores was compared between children participating in the CIEI program (n=67) and children receiving traditional habilitation services only (n=27). The pre- and post- intervention assessment (children participating in the CIEI program for approximately 2 years) showed a significant improvement of ADOS total scores in the CIEI group, whereas no such improvement was shown in the comparison group. The change difference (change among children in the CIEI group vs change in the comparison group) was also statistically significant, even after adjusted for possible confounders (-1.1; 95%CI -1.9 to -0.4). Children in the CIEI group also significantly improved their ADOS severity score, but not significantly different from the comparison group. Although the results from the study should be interpreted with caution, we conclude that they do support earlier studies reporting on improvement of autism symptoms after early intensive interventions.
To conclude, the thesis emphasize on the importance of early detection of children with ASD. In this subject, the thesis also emphasize on the difficulties correctly identify children at risk for ASD. The etiology in ASD is still at large unknown and different groups of children are at larger risk of being affected with ASD than others. Furthermore the thesis finds, as some previous investigators, no evidence to recommend universal screening for ASD with a special screening instrument. The early detection of affected children, should rather be implemented in disseminate knowledge in Child Health Care, in early signs of ASD and how they appear in toddlers and young children. In order to give affected children and their family proper support and interventions, there is a need to incorporate the Child Health Clinics in the already existing program including diagnostic assessment of ASD and treatment.
Most important, the results from the thesis indicate that children with autism benefit from participating in early intensive intervention programs, and that investment in these programs may be highly justifiable.         
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I detta avhandlingsarbete har jag försökt belysa 3 väsentliga forskningsområden inom autismspektrum. Jag har velat skapa en sammanhängande enhet vad gäller; tydliggöra potentiella riskfaktorer för små barn med autism; finna sätt att tidigt upptäcka barn med misstänkt autism inom barnhälsovården, samt utvärdera tidiga intensiva insatser för förskolebarn med autism.  
Betydelsen av att tidigt upptäcka barn med autism har tydliggjorts tidigare utifrån den kunskap som idag finns om att tidiga insatser positivt kan påverka barnets sociala och kommunikativa utveckling (Dawson et. al, 2010; Eikeseth et.al, 2002). Dock finns fortfarande en osäkerhet om vilka generella effekter sk. ”Mångsidiga Intensiva interventions program” har för barn med autism. Det ökande antalet barn som diagnostiseras med autism har också bidragit till att gruppen barn med autism är betydligt mera heterogen idag än tidigare. Detta gör att behandlingsinsatserna också, än mera än tidigare, måste differentieras och anpassas efter barnets speciella behov och förutsättningar.
I en första studie undersökte vi potentiella riskfaktorer för autism, såsom obstetriska riskfaktorer samt migration. Vi jämförde en grupp av barn och unga födda mellan 1980-2005 som var diagnostiserade med autistiskt syndrom eller Asperger syndrom. Barnen var diagnostiserade vid Barn- och ungdomspsykiatriska kliniken i Malmoe och fanns inom Barn- och ungdomshabiliteringen i Malmoe under perioden 1997-2007. I studien fann vi två tydliga skillnader mellan grupperna barn med autism och barn med Asperger Syndrom. Barn med autism hade signifikant högre risk att vara födda med obstetriska komplikationer. Vi sammanfogade variablerna; ”född före vecka 37”; ”apgar under 7 vid 5 min”; ”liten för sin gestrationsålder (SGA)”; samt ” stor för sin gestrationsålder (LGA)”, till en variabel ”någon obstetrisk riskfaktor”. Resultaten visade då en statistiskt signifikant skillnad mellan estimaten för autism och Asperger syndrom (p = 0.02). Odds Ratio (OR) (med 95% CI) för den kombinerade variabeln ”någon obstetrisk riskfaktor” för autism var 1.7, och jämförande OR for Asperger syndrom var 0.7,
Studien visade också att moderns födelseland hade betydelse för risken (möjligheten) att föda ett barn med autism respektive Asperger syndrom. Resultaten visade starka belägg för risken att föda ett barn med autism var signifikant högre om modern var född utanför Sverige (OR 2.7). Den högsta OR fanns bland mödrar födda i ”sub-Saharan Countries” (OR 5.6). I motsats till dessa resultat fann vi ett negativt samband med Asperger syndrom om modern var född utanför Sverige (OR 0.5).
Vi tolkade resultaten från denna studie som att det finns en risk för underdiagnostisering av barn med lindrigare former av autism spektrum symtom i invandrargrupper i Sverige. Det finns också en risk att dessa barn upptäcks senare under skolåldern och även in i pubertet, och att därmed adekvata och nödvändiga insatser försenas eller inte alls erbjuds
I vår andra och tredje studie utvecklade vi och evaluerade ett nytt observationsschema för att tidigt upptäcka barn med autism symtom inom barnhälsovården, ”the Observation Scale for Autism” (OSA). Observationsschemat utvecklades för att bedöma barnets förmåga till ömsesidig social kommunikation, samt skulle vara oberoende av språkliga, sociala och kulturella skillnader. Instrumentet som innehöll 12 observationspunkter skulle vara lätt att administrera och var avsett att användas vid barnets 30 månaders uppföljning inom Barnhälsovården.  
I en pilotstudie utvärderade vi instrumentet genom att bedöma 37 barn diagnostiserade med Autism spektrum Diagnos (ASD), 23 barn med Downs Syndrom (DS), och 26 barn med typisk utveckling (TD). 92% av barnen med ASD hade mer än 4 avvikelser på OSA jämfört med 17% i gruppen av barn med DS och 0% i gruppen barn med TD. För att förbättra specificiteten användes slutligen en version av OSA som bara bestod av 9 observationspunkter. Studien visade att OSA tycktes särskilja barn med ASD från både barn med DS och TD.  ”Cut-off” gränsen för misstänkt ASD sattes till ≥3 avvikelser. 
I ett andra steg utvärderades OSA- instrumentet inom Barnhälsovårdens kliniska verksamhet. Under en 29 månader lång period användes OSA för att bedöma totalt 2571 barn, som en kompletterande bedömning vid 30 månaders uppföljning. I studien deltog 21 av 29 möjliga Barnhälsovårdsenheter (BHV) i Malmoe. Utöver OSA bedömdes 89% av dessa barn även med det tidigare validerade screening instrumentet Modified Checklist for Autism in Toddlers (M-CHAT).  Av de barn som screenades med OSA vid 30 månader nådde 34 barn (1.4%) cut-ff för misstänkt autism. Information om ASD diagnos hämtades från Barn- och ungdomspsykiatriska kliniken (BUP) och alla barn följdes till minst 6 års ålder, medelålder (7.3). Vi fann att bland de barn som screenats med OSA blev 26 barn diagnostiserade med ASD (1.01%). Trots de positiva resultaten från pilotstudien visade både OSA och M-CHAT låga Positiva Prediktiva Värde (PPV) som “stand-alone-instruments” i en klinisk miljö för att kunna upptäcka barn med misstänkt autism (PPV=14%, respektive 7%,). M-CHAT visade högre sensitivitet än OSA (41%,  respektive 19%), men hade samtidigt ett högre antal falskt positiva barn (93% jämfört med 86%). När de två instrumenten kombinerades (screenad positiv OSA and screenad positiv M-CHAT) fann vi acceptabelt PPV men låg sensitivitet. I vår studie bedömde vi att inget av instrumenten, vare sig ensamma eller tillsammans, hade tillfredsställande möjlighet att upptäcka barn med misstänkt autism.
I en 4.e studie utvärderade vi ett pågående Applied Behavior Analysis (ABA)- baserat program för förskolebarn med autism, inom Barn- och ungdomshabiliteringen, Region Skåne, i avhandlingen benämnt ”Comprehensive Intensive Early Intervention program” (CIEI). Vi jämförde förbättringar av Autism Diagnostic Observation Schedule (ADOS)- scores mellan gruppen barn med autism (n=67) som deltog i interventionsprogrammet med gruppen barn (n=27) som erhöll sedvanliga habiliteringsinsatser (s.k. riktade insatser). Interventionsperioden var ca 2 år, och barn i såväl CIEI-grupp som barn i jämförelsegruppen testades med ADOS, både vid baseline och vid uppföljning. Barnen i CIEI gruppen visade en signifikant positiv förändring mellan för- och efter- bedömning i ”ADOS-total score”. Någon sådan förändring fanns ej i jämförelsegruppen. Vi fann också en statistiskt signifikant skillnad mellan interventionsgruppen och jämförelsegruppen, även efter justering av samvarierande faktorers (s.k. confounders), skillnad: -1.1 (95% CI -1.9 till -0.4) för ”ADOS- total score”. Barnen i CIEI- gruppen förändrades också signifikant vad gäller ”ADOS-severity-score” men förbättrade inte sina scores signifikant mer än jämförelsegruppen. Trots att resultaten måste tolkas med stor försiktighet konkluderar vi att studien stödjer tidigare undersökningar som rapporterat positiva förbättringar vad gäller autismsymtom efter tidiga intensiva interventionsprogram.
Sammanfattningsvis betonar avhandlingen vikten av att upptäckta autism hos barn i tidig ålder. Etiologin kring autism är fortfarande till större delen okänd, och sannolikt finns det olika riskfaktorer för olika typer av autism. Avhandlingen visar också på svårigheten att korrekt bedöma misstänkt autism vid 30 månaders ålder. Det finns inget screeninginstrument, som ensamt tydligt kan ange vem som har autismsymtom eller ej. Vi behöver istället fortsätta sprida en till många delar ny kunskap om hur autismsymptom uppträder i olika åldrar. Ett breddat autismspektrum innebär också än större utmaningar för den primära barnhälsovården att rätt identifiera autismsymptom och hur de ger sig till uttryck hos barn i tidig ålder. Det finns ett behov av att integrera barnhälsovården i en redan etablerad vårdkedja, innefattande diagnostisering vid Barn- och ungdomspsykiatrin, och interventionsprogram vid Barn- och ungdomshabilitering.    
Framförallt visar avhandlingen att barn med autism drar nytta av att medverka i anpassade interventionsprogram, och att investering i dessa program kan vara högst berättigade ur ett såväl personligt- som ur ett samhällsperspektiv.  
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It is well known that Autism Spectrum disorders (ASD) over the last two decades are diagnosed in extremely more children, adolescents and adults than 30 years ago. The reason for the increase is not yet fully recognized and investigated. There is a crucial question if there is a real increase in more children today being born affected with ASD, or as most studies suggest (Fombonne et. al, 1997), the increase depends upon a better general knowledge of how ASD and autism symptoms are characterized, and that the criteria how to diagnose ASD over the years have changed. It is hypothesized that approximately 50%-80% of all ASD have genetic origin (Ng et al, 2017). As much as 50% are in some studies suggested to be caused by different environmental circumstances (Sandin et al, 2014). What kind of environmental factors that should be regarded as risk factors for ASD has in the last years found great interest, but still few convincing results are reported. However, the results from different studies are divergent and the overall etiology of ASD is largely unknown. 
In our first study, we evaluated potential risk factors for ASD in a Malmoe population, trying to find children who are at risk to be affected and in need for special habilitation services. 
How to recognize and detect ASD, especially in young children, has during the last two decades been one of the most important issues in autism research (Eikeseth  et al, 2002: Dawson et al, 2010 Barbaro J, Dissanayake C, 2013). There is, at least to some extent, evidence that some children diagnosed with ASD benefit from early intensive interventions, especially adapted to children who suffer from social and communicative impairment and autism symptoms (Dawson et al, 2010). 
During the last decade, instruments and procedures to diagnose ASD have been developed. Today, there is a consensus regarding what criteria should be used to diagnose ASD. In 2013, DSM 5 (Diagnostic and Statistical Manual of Mental disorders) was introduced, and the three spectrum diagnoses (Autistic disorder, Asperger syndrome and Pervasive Developmental disorder- not otherwise specified) were incorporated in one diagnosis, ASD. This unification of different aspects of autism symptoms has simplified earlier problems in differentiating diagnoses within the spectrum, but still challenges practitioner’s to correctly identify children how are affected from ASD. How to distinguish young children with ASD from children suffering from other developmental delays is often difficult, especially in toddlers (McPheeters et al, 2011; Zwaigenbaum et al, 2015). 
Early symptoms of ASD are often first recognized by parents, but the knowledge of signs of neurodevelopmental abnormalities differ with parental educational level and cultural background (McPheeters et al, 2011). The knowledge of ASD is likely to be more spread in Europe and the western world than in developing countries (Fombonne, 2003; McPheeters et al, 2011). In Sweden, all children are offered free health follow-up from Child Health Care (CHC) during the child´s first five years. If present, essential developmental delay would be recognized during this time frame, but no universal screening for ASD symptoms exists. Early detection of ASD is essential for early and adequate interventions, treatment and support.
In our second and third study we developed and evaluated a new observational screening instrument for ASD to be used at the 30 months follow-up at the child´s CHC- unit. The instrument was especially adapted to be easy-to-handle, not-time-consuming and neutral to parents´ language, social or cultural background. 

There is a growing body of evidence that some children diagnosed with ASD benefit from early intensive intervention programs, based on Applied Behavior Analysis (ABA) strategies (Eikeseth  et al, 2002;Dawson et al, 2010; Barbaro J, Dissanayake C, 2013; Zwaigenbaum et al, 2015). The results from the mentioned studies are often retrieved in small, well-controlled settings. To this date, it is not clear to what extent intensive interventions would improve ASD symptoms among affected children in a clinical setting. 
The ABA-concept was adapted to Swedish conditions, and was in some Region Skåne Habilitation Centers during 2004 introduced as a “Comprehensive Intensive Early Intervention (CIEI)” program. Since 2009, the CIEI program was implemented in all 10 habilitations units in Skåne, and offered to all children with ASD under the age of six years. The CIEI- program is, like most early intensive programs for children with ASD, comprehensive and offered the child and family during a two-year period. Psychologists, special teachers and speech pathologists meet the child together with a parent and preschool staff every two-week for the first year and every month for the second year to teach the child to learn new skills difficult to incorporate when you are affected with ASD. The program is focused on skills of social, communicative and cognitive development, and is especially adapted to the child´s special qualifications and needs. The parents and preschool staff are expected to work with the child with different training to develop skills, approximately 15-25 hours per week. The program, being intensive and lasting for a two-year period, is not always easy for the family and child to perform. It can be both exhausting and time consuming, and it is important for the habilitation services to know how significant the program is for the children´s development. In times of increasing costs for health services it is also of extreme importance that resources are used in intervention programs having the best evidence for effect.
In our fourth study we evaluated the existing CIEI program for preschool children with autism in Region Skåne Habilitation Centers. 
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Autism Spectrum Disorders (ASD) are neurodevelopmental conditions characterized by impairment in socialization, abnormalities of verbal and nonverbal communication, and a pattern of repetitive, stereotypical interests and behaviors. ASD is diagnosed using the clinical criteria DSM-IV/DSM 5 (Diagnostic and Statistical Manual of Mental disorders), American Psychiatric Association (APA, 2000; APA, 2013) or ICD-10 (International Clarification of Diseases, 10th edition). In DSM-5, the separate diagnostic labels in DSM-IV of Autistic Disorder, Asperger’s Syndrome and pervasive developmental disorder – not otherwise specified (PDD-NOS) are replaced by one umbrella term Autism Spectrum Disorder (APA, 2013), in Sweden usually called Autism.  
According to the DSM IV, Autistic Disorder (AD) is usually diagnosed at 3 to 5 years of age, but the symptoms of autism are often noticed already at age 9 to 15 months (Filipek et al., 1999). Individuals with Asperger’s Syndrome are usually diagnosed in late childhood or in adolescence, and are seldom diagnosed before the age of 7 years. Although the criteria for ASD according to DSM-IV, and even more to DSM 5, seems to be narrow and expected to define a relatively homogeneous entity, they are not always so. There is a considerable variation in how the criteria are met and they widely differ in individuals diagnosed with ASD. The variability in ASD is also a consequence of the causal complexity and behavior changes with development over time (Wozniak et al., 2017).  
 
About two thirds of individuals with Autistic Disorder (AD) were earlier estimated as being affected with intellectual disability (ID), whereas a normal intellectual capacity is required for a diagnosis of Asperger’s Syndrome. The extensive epidemiological research of the last decades has broadened the concept of autism into covering new groups in the general population, the majority of them testing at a normal intellectual level (APA, 2013). The percentage of children with ASD who also have ID has decreased over time, and in 2010 about 30% of children with ASD had co-occurring ID (Autism and Developmental Disabilities Monitoring Network Surveillance Year 2010, Principal Investigators, 2014). AD was previously reported to affect approximately 5 of every 10,000 children (Fombonne et al., 1997). The prevalence of ASD was estimated at approximately 60 per 10,000 in 2010 (Fombonne, 2003; Yeargin et al., 2003; Bertrand et al., 2001).  Recent studies suggest that between 1 and 2% of the US population may be affected with ASD (Autism and Developmental Disabilities Monitoring Network Surveillance Year 2010 Principal Investigators 2014). Studies conducted in North America and Europe has indicated an even higher prevalence in immigrants and ethnic minorities (Kawa et al., 2016).
 
The increase of diagnosed ASD has been attributed to a higher awareness of the milder forms of autism. However, the rising figures could also reflect a true increase where environmental causes may play an important role (Kolevzon et al., 2007). Previous studies report that suboptimal perinatal environment and adverse birth outcomes including preterm birth (PTB) and fetal growth restriction (as measured by small-for-gestational age, SGA), are associated with both ASD (Abel et al., 2013; MacKay et al., 2013; Schieve et al., 2011) and ID (Bilder et al., 2011; Singh et al., 2013). 
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In Skåne health care region, the process of diagnosing children with ASD is according to international and national guidelines. The child is diagnosed when criteria for ASD are met according to criteria in DSM-IV/DSM 5 (Diagnostic and Statistical Manual of Mental disorders), American Psychiatric Association (APA, 2000; APA, 2013) or ICD-10 (International Clarification of Diseases, 10th edition). When a concern for developmental delay or suspected ASD-traits is made from either parents or from Child Health Care (CHC) surveillance, the child is referred for neuropsychiatric evaluation, including ASD. A multidisciplinary team meets the child and parents for assessments, including ADI-R (Autism Diagnostic Interview- Revised), parent interview, and ADOS-G (Autism diagnostic Observation Scale- Generic) observation of the child. Information from CHC-units is collected and social/communicative observation of the child in preschool is performed. When possible, a cognitive developmental assessment is also completed. Children could also, prior to the ASD evaluation, have had contact with speech pathologist because of speech and language delay or disorder.
In recent years (from 2005) a very sharp increase of referrals for ASD-evaluation of young children is noticed all over the region. This fact challenges the Child Psychiatric units to perform the evaluation without unnecessary delay. The new diagnostic criteria, according to DSM 5, have also in some way changed the estimate of ASD-rates. Children with milder forms of ASD- symptoms and mild developmental delay, but without a confirmed diagnosis of ID, are today more often than before diagnosed with ASD. During the last decade, there has been a trend for children to be diagnosed with ASD at earlier age, and today it is not rare that children get an ASD diagnosis before three years of age. Still there is an uncertainty, especially in young children, to what extent the diagnosis ASD is the right description of the child´s disability. There is no blood sample or bio marker for autism, but the diagnosis ASD is a behavioral diagnosis and is assessed through observation on the child´s social, communicative and behavior skills. The assessment and diagnosis is dependent on the observer’s professional experience and subjective evaluation. When diagnosing a child younger than 3 years of age with milder symptoms, compared with diagnosing older children, it is more difficult to differentiate an ASD diagnosis from other developmental disorders and deviations. Recent reviews and guidelines make clear there are no individual instrument that meet satisfactory evidence, according to sensitivity and specificity, to decide whether a certain child should be diagnosed with ASD or not (NICE, 2016). Although ADOS-G has been shown to be a reliable instrument for diagnostic validity of ASD, it is recommended to just be used as a supplement to clinical history. For the social and communication domain, the ADOS-G had a sensitivity of 67-91% and a specificity of 65-95%. The corresponding sensitivity and specificity for the repetitive restricted behavior domain was 82-94% and 55-81% respectively (Molloy et al., 2011). In a recent study, the inter-rater reliability of the ADOS-G was evaluated (Zander et al., 2016). Percentage agreement (PA) was measured for diagnostic classification (ASD/non-ASD). The PA in this study showed 64-82% agreement for a pool of total 15 raters from 13 different clinics. The objectivity was lower for pervasive developmental disorder – not otherwise specified, in relation to non- spectrum diagnosis. For the evaluation of ASD there is a need for a broad specialist assessment, including describing clinical history, information retrieved from parents, relatives, nursery staff and preschool teachers. A family history which could show evidence for psychiatric disorders, speech and language difficulties, intellectual disability or developmental neurological problems must be considered. The most commonly used instruments for describing clinical and ASD developmental history is the ADI- R and the DISCO (Diagnostic Interview for Social and Communicative Disorders (Leekam et al., 2002). Although the ADI-R has been shown to be a reliable diagnostic instrument, it should be used with caution especially when assessing children below the age two years (NICE, 2017). The overall recommendation for evaluating and diagnosing children with ASD is to involve health care professionals in specialist assessment, including an ASD-specific developmental history and direct observation of the child to assess social and communicative skills and behavior. The use of structured instruments should be considered to assist gathering information (SIGN, 2016).
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There is, according to the majority of studies, considerable evidence for a significant degree of genetic risk in ASD (Miles, 2011; Jeste & Geschwind, 2014). There is indirect evidence in the observation that children who have an older sibling diagnosed with ASD are more than 10 times more likely to have the diagnosis themselves, compared to children in a general population. Twin studies (Ronald& Hoekstra, 2011) show even higher rates. If one member of a pair of monozygotic twins have ASD, the probability that the other twin will have a ASD diagnosis as well, ranges from .48 to .88 or higher in different studies (Wozniak et al., 2017). For dizygotic twins the rate is lower, estimated ranging from 0 to .36. Different studies show different estimates, over time, to what extent genetic factors could explain the cause and etiology of ASD. Twin studies before 2010 often show high heritability estimates, 80%-90%, (Ronald & Hoekstra, 2011). Result from later studies differ in estimates, from 80%  (95% confidence interval, 29%-91%) for G factor in a Swedish study (Lichtenstein, P. et al. 2010) to as low as 38% (8%-84%) in a study in United States (Hallmayer et al. 2011). More current studies (Sandin et al, 2014) estimated the “additive G (Genetic) effect” to 54% (44%-64%) for narrowly defined autism and 50% (45%-56%) for a broader form of ASD. Gaugler et al. (2014) found similar estimates in another Swedish study. (49,4%, confidence interval, 31%-69%). All large- scale studies published resent years show substantially lower G effect and a larger E (Environmental) effect than earlier twin- studies. Even though there are differences, often depending on different models for the design of studies, there are substantial evidence for heritability to play a major part in explaining the etiology for ASD.  It is, however, quite likely that the impact of the G factor differs between different sub-types of ASD. 

Chromosomal and single gene factors
Different kinds of syndromes can give autistic behavior characteristics. The most studied known single-gene syndrome associated with ASD is the Fragile X syndrome (involving the FMR1 gene) and the Rett Syndrome (MeCP2 gene). Still even though these syndromes provide evidence that gene dependent neuronal pathology are associated with autistic symptomatology, only 3-4 % of all cases of ASD have a syndromic aetiology (Miles, 2011). Non-syndromic ASD is therefore the most common form related to genetic risk factors. The last two decades of genetic studies associated to ASD clarify the heterogeneous of genes involved in explaining characteristics for ASD behavior. A single gene factor is only present i 1-2 % of all cases of ASD, instead it is calculated that there are hundreds of genes involved that confer the risk of developing ASD, especially when associated with impaired synaptic function and abnormal brain connectivity (Iossifov et al., 2014).
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As a consequence of the divergent results from genetic studies to what extent heredity and genetic factors play a major part in explaining the aetiology for ASD, search for other risk factors associated with ASD has come into focus. Different environmental factors have in the last decade found more interest and been studies as potential risk factors. Ng et al (2017), but also Mandy & Lai (2016) have compiled studies evaluating effects of environmental circumstances to explain the development of autism spectrum conditions. The first question is to define environmental (E) factors and secondly the emphasis placed on the gene-environment interplay, the interaction gene and environment (G x E), but also gene- environment correlation (rGE) (Mandy & Lai, 2016). 

Ng et al (2017) categorize studies evaluating environmental risk factors in physiological, chemical nutritional and social factors where physiological and chemical circumstances were the most commonly studied factors. In the dimension of physiological factors studied in association with ASD were parental characteristics, particularly parental age and pregnancy complications, such as low birth weight and prematurity the most studied risk factors. Other risk factors included in this subtheme were hormones (Testosterone, Thyroid), birth characteristics (birth order, multiple births, birth seasonality), immune abnormalities (autoimmune disease, brain inflammation), infections and associated child disease and conditions (neonatal jaundice, epileptic disorders, oxidative stress).

Pre- and perinatal risk factors
Pre- and perinatal risk factors associated with ASD as premature birth, low birth weight and a cluster of pregnancy complications have consistently been reported in several studies (Haglund & Källén, 2011; Ng et al., 2017). Although a number of studies and reviews over the last decade have investigated and reported associations between ASD and complications during pregnancy and birth, still the evidence for a consistent causal relationship is lacking. Older parental age has been reported to be a risk factor in several studies (Ng et al., 2017). The association between ASD and high paternal age has sometimes been interpreted to be the result of a secondary predisposed G (genetic) factor according to the assumption that men with ASD-traits are likely to have difficulties in establishing and finding lasting relationships, leading to a high paternal age at birth of their children. 

This hypothesis has been investigated (Hultman et al, 2011) by comparing siblings (within families) to the child with ASD and found that on average the child with ASD had an older father, which would not be the fact if there were a paternal genetic predisposition. Instead, a hypothesis of a causal association has been raised, based on the fact that in human males, spermatogonial cells replicate every 16 days, with an increasing number of mutations. The risk for copying errors in the genetic material increases with age (Kong et al., 2012). The maternal age as risk factor for ASD has also been investigated and has showed that a mother aged over 35 are one and a half times more likely to have a child with ASD than a mother aged 25 – 29 years (Sandin, et al., 2012). It is also noted that younger-than-average maternal age (adolescent mothers compared to mothers´ ages 25-29 years) is a protective factor (Croen et al., 2007).
Chemical risk factors
Chemicals that are investigated as potential risk factors for ASD, includes environmental toxic chemicals, medications, substance abuse and vaccines. Mercury is the heavy metal that has received the most attention for association to ASD due to similarities in symptoms of autism and mercury poisoning. Although a great number of studies have been published the findings are inconsistent (Ng et al., 2017). Cobigo, (2012) published a systematic review on articles investigating the relation between mercury and autism and concluded, due to problems with methodological issues, small sample sizes and inconsistent ascertainment, the relation to be unclear. Other chemical exposure that has been associated with increased risk for child ASD are pesticides, phthalates, PCBs and also toxic waste sites are mentioned. The strongest association to ASD has been shown in traffic air pollutants and pesticides (Kalkbrenner et al., 2014; Rossignol et al., 2014). 

Vaccines
All since Wakefield´s publication of the study suggesting the relationship between Measles, Mumps Rubella (MMR) vaccine (Wakefield et al., 1998) and the development of ASD, researchers have found great interest in finding new evidence for the safety of these vaccines. The study made concern for MMR vaccines causing autism and in many countries led to decrease in vaccinations that are essential for protecting the child from other serious diseases. A great and convincing number of case studies and systematic reviews have in the last decade found no significant association between MMR vaccine and ASD (Mandy & Lai, 2016; Ng et al., 2017). Wakefield´s study published in the Lancet was also later retracted because of false data. Other vaccines have also been investigated according to suspect association to the development of autism, like pre- and post -thimerosal exposure. Convincing evidence for the relationship has not been presented (Andrew et al., 2004; Price et al., 2010).
Medications
Medication during pregnancy is another area for interest in searching for environmental causes to the overwhelming increasing number of children diagnosed with ASD in the last decades. Valproate is a known anticonvulsant for people with epilepsy, prophylactic drug against migraine and a mood stabilizer for bipolar disorder. Valproate, when using during pregnancy, crosses the placenta and is associated with “foetal valproate syndrome”, which causes a range of physical and neurodevelopmental difficulties (Shallcross et al., 2011). It is expected that those who are exposed in utero to valproate have a 10% risk of being born with congenital malformations and also increased risk for developmental delay, executive and language problems (Roullet, Lai & Foster, 2013). Bromley et al. (2013) confirmed an association between valproate and increasing risk for ASD in offspring to women with epilepsy, using this drug during pregnancy. They also saw risk for other developmental disorders in the offspring. In another large prospective cohort study Christensen et al (2013) showed that prenatal exposure to valproate was associated with an absolute risk of ASD of 4.42% over a 14-years follow up period among those exposed compared to 1.5% in the general population. Still the discovery that valproate may impact the early fundamental development of central nervous system raise the question of how specific the effects on ASD risk are. 

Another medication that is showed to be the most used among those, between 7% and 13% of all pregnant women who experience depression, is selective serotonin reuptake inhibitors (SSRI) (Sörensen et al., 2013). It is estimated that 4% in the UK and 5-10% of all pregnant women in USA use SSRI during their pregnancy (Alwan et al., 2011). Since SSRI (serotonin) crosses the placenta barrier the question has been raised if SSRI exposure in utero increases the risk of developing ASD. Several great studies and meta-analyses (Man et al., 2015) addressed the question if SSRI use during pregnancy was associated with increased ASD risk. Studies which were either indexed by prescription records or by maternal retrospective reports, all taken together showed a clear association between SSRI use in pregnancy and having a child later being diagnosed with ASD (unadjusted OR 2.12; 95% CI 1.65-2.71) (Croen et al., 2011; Rai et al., 2013; Gidaya et al., 2014; Harrington et al., 2014). Despite these associations, the results are questioned as to whether the use of SSRI during pregnancy should be considered as a causal risk factor for ASD. It is also calculated that if there was a causal relationship, prenatal antidepressants use would only account for less than 1% of ASD cases (Rai et al., 2013). Due to the fact that parents of children with ASD are more likely to use SSRI because they are at higher risk of experiencing depression and anxiety before the birth of their child with ASD, because of etiological factors, they are more likely to use SSRI. This raise the question if it is the characteristics associated with SSRI use, anxiety and depression, that are the risk factors, rather than the use for of SSRI drug it self (Piven & Palmer, 1999). This hypothesis was also considered in a recently published study (Sujan et al., 2017). The study found that after accounting for measured pregnancy, maternal and paternal traits, and stable familial characteristics shared by siblings, maternal antidepressant use during the first trimester of pregnancy, compared with no exposure, was not associated with increased risk for autism spectrum disorder, or Attention - deficit/hyperactivity disorder. A small increased risk of preterm birth was considered. The study showed that unexposed siblings were at equal risk for small for gestational age, autism spectrum disorder, and attention-deficit/hyperactivity disorder as their exposed siblings. These results are consistent with the hypothesis that genetic factors, familial environmental factors, or both account for the associations between first-trimester antidepressant exposure and these outcomes (Sujan et al., 2017).
There are studies suggesting a possible association between prenatal or early - life antibiotic use and autism (Fallon, 2005; Atladottir, 2012), but no convincing evidence shown. 
Smoking and substance abuse
In searching for potential risk factors for ASD substance use, like tobacco smoke and/or alcohol are investigated in some studies. In a meta- analysis Gardner et al (2009) found no significant association between smoking during pregnancy and ASD. There are, however, some later studies indicating an association between maternal smoking during pregnancy and classifications within the autism spectrum like, Asperger syndrome and/or PDD-NOS (Tran et al., 2013; Kalkbrenner et al., 2014). No convincing studies have found a significant association between alcohol consumption during pregnancy and ASD in the offspring, besides one small clinical sample with heavy maternal alcohol consumption (Ng et al., 2017).  
Nutrition
Nutrition and evidence for mineral deficiencies are the most considered and studied aspects when searching for potential environmental circumstances for the foetal in utero. A number of studies examining associations of levels of iron, zinc, nickel, magnesium, molybdenum, selenium and ASD have showed conflicting results. Inconsistent results were also documented when levels of chromium, cobalt and manganese were examined (Ng et al., 2017).  
Vitamin D
It is well documented that vitamin D plays a crucial role and function in neurodevelopment and vitamin D deficiencies could cause developmental disorders and diseases (DeLuca et al., 2013). However, although a large number of studies reviewed (Mazahery et al., 2016), examining the potential association between low vitamin D levels during pregnancy or early childhood and later onset of ASD, some association (in some studies), but no convincing evidence could be reported. Different methodological strategies have been developed to measure the outcome of the studies. It has been suggested that migration could play a role in the etiology of ASD, primarily based on a reported increased prevalence for ASD in immigrant groups living in the northern European countries. One hypothesis is that this association is due to the fact immigrants with dark skin are more at risk for Vitamin D deficiencies. The hypothesis that the low Vitamin D level per se, have an association to ASD, have been investigated in several studies. Some have indicated an association between vitamin D deficiency in mothers and/or their children with ASD, at the onset of autism (Grant & Soles, 2009). Another small study (Fernell et al., 2015), reported significantly lower Vitamin D levels were in stored dried blood spots in new born children who later were diagnosed with ASD compared to non- ASD siblings. The study included mothers with different ethnic background and results were also adjusted for seasonal births. The study, due to a relatively small study cohort, conclude that Vitamin D deficiency during late pregnancy, together with other risk factors, may play a role in increased risk for ASD in child. Other studies have tried Vitamin D intervention to treat ASD in children (Mazahery et al., 2016). Summery from these studies provides “encouraging results”, but due to small sample sizes and lack of randomized control no firm conclusions can be drawn. Research in how Vitamin D deficiency, and in interaction with other factors, may contribute to the etiology of ASD need further research. There is no reliable evidence to support a general recommendation of Vitamin D supplementary medication for children at risk for developing ASD or for children already affected to reduce symptoms. Also other studies have found no significant association between maternal serum vitamin D levels and ASD and one systematic review conclude the lack of adequate support for an association between vitamin D deficiency in mothers and the onset of autism (Kočovská, 2012)   
Socioeconomic and immigrant status
Social dimensions as socioeconomic status and stress, immigrant status and ethnicity are other factors that have been examined during the last decade in order to find risk factors associated to ASD. The socioeconomic status (SES) and its association to ASD has been examined in a number of studies with inconsistent results (Ng et al., 2017). Studies from USA could often show an association to ASD in high SES groups when maternal income, education and occupation was considered. In studies from Sweden and Canada, where universal health care program exists, the opposite situation was found, and ASD was associated with low maternal income and education. A suggested hypothesis is that this represent an under- diagnosis of ASD in countries with unequal access to health care services. Maternal stress during pregnancy has been considered associated to ASD development in the offspring, but with inconsistent results. When maternal stress is defined, both immunological and neuro inflammatory abnormalities as well as broader definitions like “any stressful event” are included. Migration as a possible stress factor was observed and discussed in a Swedish study (Magnusson et al., 2012).     

More convincing associations to the development of ASD are found when examine parental immigrant status. Several studies and among those, Haglund & Källén (2011), together with systematic reviews (Gardener et al., 2009; Guinchat et al., 2012) supported the association to ASD or ASD subtype. Studies from Australia, United Kingdom and Sweden all showed a higher prevalence for autism in children to immigrant mothers. Statistically significant association was found in studies from the Nordic countries, with a 58% increased risk for the child to be affected with ASD when the mother was born abroad (Guinchat et al., 2012). In our own study (Haglund & Källén, 2011), we found a significant difference, where higher risk for low functioning (Autistic Disorder) was found in immigrant groups from developing countries, but for higher functioning (Asperger syndrome ) was not. These findings were replicated in a Dutch study (van der Ven et al., 2012). In a study from the United States (Fountain & Bearman, 2011), socio-political context was estimated to explain a decreased rate in autism diagnoses in Hispanic children, due to the fact that undocumented parents were reluctant to seek health services because of fears being reported and deported by the authorities.  The consistently correlated immigrant status to ASD has not been explained. Different suggestions, like relation to SES, stress and adaptation to new environment, changes in vitamin exposure have been proposed, but further investigations are required. The prevalence of ASD in African sub-Saharan countries is not studied, and very little known about identification and management of these disorders in Africa. When identified, children in Africa south of Sahara are often diagnosed after age 8 years and have a severe form of ASD without expressive language and also often a severe intellectual disability. Maybe this could in some children be explained by the fact that these children have not been offered any early intervention. The overall awareness of neurodevelopmental disorders, ASD included, is limited in the Sub-Saharan countries, even among psychiatrists and pediatricians (Ruparelia et al., 2016). The article also claims that perception of abnormal behavior may be mediated by culture and there are no screening instruments to detect ASD validated from Africa. The screening measure must  take into account contextual factors and there is to date (2014) no research exploring risk factors for autism spectrum disorders in Africa (Ruparelia et al., 2016). 
No pandemic increase
In recent years a great number of studies have focused on environmental risk factors for ASD according to the understanding that in approximately 50% of all who are diagnosed with ASD we will find the causal association in genetic circumstances for the etiology. But what about the other 50%, will it be found in environmental risk factors?  Different suggestions and hypotheses have been made for causing this “pandemic increase” in children and adults diagnosed with ASD. In a review by Parker et al (2017) this epidemic should be caused by oxidative stress, inflammation and the child being exposed for acetaminophen (paracetamol) during early childhood. This presumption has not been supported in other systematically completed reviews. Rather “The lack of consistency, temporality and specificity of association between environmental factors and ASD remain the largest barrier to establish causal relationship”(Ng et al., 2017).
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There is a discussion in what way there are early postnatal environmental circumstances that should be regarded as possible risk factors for developing ASD.  In this situation, it is essential to note and describe what behavior and characteristics during the child´s first year is a consequence of inherited conditions or could possibly be a product of depravation in caregiver – child interaction or as a consequence gene – environment (G x E) interaction. 
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In the last two decades, the awareness of autism spectrum disorders is significantly increasing in the general population. In Europe, the western world, and other high developed countries the prevalence for ASD exceed 1% of the population. In the USA, it is estimated that 1 in 68 children is affected with ASD (McPheeters et al., 2016). Due to the evidence of early interventions making difference in the child´s development, the importance of early detection has been crucial. 
Early detection of Autism Spectrum Disorder (ASD) has been an important field for research in autism, especially after the publication of studies showing that early intervention and treatment of ASD symptoms are associated with better outcome (e.g. Rogers and Vismara, 2008; Dawson et al., 2010). Different screening instruments have over the years been developed for the detection of ASD, and there is a discussion of what would be the optimal age for finding ASD symptoms. Convergent data indicate that autism symptoms emerge in the first two years of life (Dahlgren and Gillberg, 1989; Young et al., 2003; Clifford and Dissanayake, 2008). In a recent review (Zwaigenbaum et al., 2013) both retrospective and prospective studies showed robust evidence that behavioral signs of ASD can be detected early in infancy. Some recent studies provide evidence for the stability of a clinical diagnosis of ASD before the age of 30 months (Cox et al., 1999; Chawarska et al., 2007; Webb and Jones, 2009; Guthrie et al., 2013; Hedvall et al., 2014). 
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Different kinds of lists have been suggested to describe symptoms and recognize behavior of atypical development associated with ASD during the first years of life. Most international research and existing national guidelines for ASD agree upon the following signs to be crucial. In the report from 2016, the American Academy of Pediatrics (AAP, 2015) sum up early warning signs in children:
Social differences:
· Doesn't keep eye contact or makes very little eye contact
· Doesn't respond to a parent's smile or other facial expressions
· Doesn't look at objects or events a parent is looking at or pointing to
· Doesn't point to objects or events to get a parent to look at them
· Doesn't bring objects of personal interest to show to a parent
· Doesn't often have appropriate facial expressions
· Unable to perceive what others might be thinking or feeling by looking at their facial expressions
· Doesn't show concern (empathy) for others
· Unable to make friends or uninterested in making friends
Communicative differences:
· Doesn't point at things to indicate needs or share things with others
· Doesn't say single words by 16 months
· Repeats exactly what others say without understanding the meaning (often called parroting or echoing)
· Doesn't respond to name being called but does respond to other sounds (like a car horn or a cat's meow)
· Refers to self as "you" and others as "I" and may mix up pronouns
· Often doesn't seem to want to communicate
· Doesn't start or can't continue a conversation
· Doesn't use toys or other objects to represent people or real life in pretend play
· May have a good rote memory, especially for numbers, letters, songs, TV jingles, or a specific topic
· May lose language or other social milestones, usually between the ages of 15 and 24 months (often called regression)
Behavioral differences:
· Rocks, spins, sways, twirls fingers, walks on toes for a long time, or flaps hands (called "stereotypic behavior")
· Likes routines, order, and rituals; has difficulty with change
· Obsessed with a few or unusual activities, doing them repeatedly during the day
· Plays with parts of toys instead of the whole toy (e.g., spinning the wheels of a toy truck)
· Doesn't seem to feel pain
· May be very sensitive or not sensitive at all to smells, sounds, lights, textures, and touch
· Unusual use of vision or gaze—looks at objects from unusual angles     
(American Academy of Pediatrics, 2015)                                                                                                                        
Symptoms and behavior differ from child to child and are never expressed in exactly the same way, and are also associated with general intellectual development. 

The American Academy of Pediatrics (AAP, 2016) has suggested the following delays warrant an immediate evaluation by child’s pediatrician:
Developmental red flags
· By 6 months: No big smiles or other warm, joyful expressions
· By 9 months: No back-and-forth sharing of sounds, smiles, or other facial expressions
· By 12 months: Lack of response to name
· By 12 months: No babbling or “baby talk”
· By 12 months: No back-and-forth gestures, such as pointing, showing, reaching, or waving
· By 16 months: No spoken words
· By 24 months: No meaningful two-word phrases that don’t involve imitating or repeating
(American Academy of Pediatrics, 2015)
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When developing a screening tool for ASD, there is a need for an instrument that can detect symptoms and behaviors indicative of autism with a low risk for false positive findings (to achieve high sensitivity with simultaneous high positive predictive value). There is however also a need for the instrument to discriminate ASD from other developmental delays, specifically global Intellectual Disability (ID). In a review by National Institute for Health and Care (NICE), 2016) the level of acceptable diagnostic accuracy was defined as sensitivity and specificity of at least70- 80%.  Despite the growing knowledge of early signs in autism there is no recommended universal tool for early detection, and the majority of instruments lack sufficient specificity and sensitivity (NICE, 2011; Barbaro and Dissanayake, 2013; NICE, 2016). 
A number of checklists for autism have been developed over the last decades but there are few scales available for the assessment of symptoms of ASD in children 3 years and younger. One of the most used instruments is a self-report 23-items questionnaire, the Modified Checklist for Autism in Toddlers (M-CHAT), intended to be answered by parents with yes/no answers (Robins et al., 2001). In studies completed in recent years, the M-CHAT was often to be followed by parent interview (M-CHAT/F), if answers scored over cut- off for suspected ASD- symptoms. Recently, a Swedish two-phase study, screened toddlers with parent-reported M-CHAT in combination with nurse observations of the child’s ability of joint attention (JA-OBS), and found the combined tools to have good psychometric properties,  A Positive Predictive Value (PPV) of 89.6% (Nygren et al., 2012). The M-CHAT with Follow-up interview (M-CHAT/F), solely in this study also showed extremely high PPV (91.7%). Another newly designed screening instrument is the Baby and Infant Screen for Children with aUtIsm Traits (BISCUIT) which is a 62-item, informant-based scale measuring symptoms of ASD (Matson et al 2009). An overview of existing instruments and questionnaires are presented in table 1 (Bryson et al., 2008; Dietz et al., 2006; Gilliam et al., 2006; Rutter et al., 2003; Schopler et al., 1980, Stone et al., 2001, Wetherby et al., 2008). Although some appropriate screening tools for early detection of ASD have been developed and shown to have good psychometric properties, there is a need for a brief, easy-to-handle assessment instrument designed for use in the primary care system. In addition most screening tools depend on parents’ observation abilities and have unsatisfactory value in discriminating between ASD and non-ASD within a group of children showing abnormal development. Complementary clinical awareness of primary care providers and health professionals remains extremely important in early detection (Oosterling et al., 2009).
[bookmark: _Hlk487728454]


Table 1; Overview of existing screening Instruments for ASD in young children
	Instrument
	Items
	Informant
	Number of Items
	Ages
	Level of function-ing
	Designed year
	Comments 

	M-CHAT/
(Modified Checklist for Autism in Toddlers)
	Reciprocal social/communication behavior
	Parent/
Questionnaire
	23
	16-30 months
	>12
months
	2001

	Shown to get to many false positive, Even miss many children later diagnosed with ASD. Developed for screening at 18 months

	ESAT/
(The Early Screening for Autistic Traits)
	Reciprocal social/communication behavior
	Parent/
Questionnaire
	19
	18 months
	>12
Months
	2006
	Poor sensitivity discriminating ASD/non-ASD. should be combined with M-CHAT

	SCQ/
(Social Communication Questionnaire)
	Reciprocal social/communication behavior
	Parent/
Questionnaire
	40
	4> years
	>2
 years
	2003


	Unclear appropriateness in general population, most studied in children already referred for services.

	ITC/
(The Infant Toddler Checklist)
	Reciprocal communication behavior
	Parent/
Questionnaire
	24
	6-24
months
	>6
 months
	2002
	Excellent sensitivity but still can´t distinguish children with ASD from children with communication delay.

	AOSI/
(The Autism Observation Scale for Infants)
	Reciprocal social/communication behavior
	Trained examiner/
observation
	18
	6-24 months
	>6
 months
	2007
	Designed for younger children (6-24 months old), needs a trained observer, focused on reciprocal behavior.

	STAT/
(Screening Tool for Autism in Toddlers & Young Children)
	Reciprocal social/communication behavior
	Trained examiner/
observation
	12
	24-36 months
	>16
months
	2000
	Intended for children already suspected of ASD. Must be administered by trained examiner.

	GARS-3/
(Gilliam Autism Rating Scale)
	Reciprocal social/communication behavior
	Parent/
Questionnaire
	56
	3-22 years
	>3
years
	2013
	Not commonly used with young children (under 4 years). Intended for level 2 screening)

	CARS/
(Childhood Autism Rating Scale)
	Reciprocal social/communication behavior
	Trained examiner/
Parent/
Questionnaire
	15
	>2
years
	>2
years
	1980
	Not commonly used with young children (under 4 years) Intended for level 2 screening

	SRS-2/
(Social Responsiveness Scale, Second Edition)
	Reciprocal social behavior
	Parent/
Questionnaire
	65
	2.5-4.5 years
	>24 months
	2005
	The form for 2.5 – 4.5 year old children needs more research and information. Should be used in context of comprehensive evaluation.

	CSBS/
(The Communication Symbols Behavior Scales)
	Reciprocal communication behavior
	Parent/
Questionnaire
	24
	9- 24 months
	6- 24 months
	2003
	Designed for identifying communication delay rather than ASD- symptoms in 6-24 months old children.

	BISCUIT/
(Baby and Infant Screen for Children with aUtIsm Traits)
	Reciprocal communication behavior
	Parent/
Questionnaire
	62
	17-37 months
	17-37 months
	2009
	Dependent of parental observation and objectivity, Good convergent validity with M-CHAT

	JA-OBS/
(Joint attention OBservation Schedule)
	Reciprocal social/communication behavior
	CHC-Nurse/
Observation
	5
	24-36 months
	24-36 months
	2008
	Designed to be used in combination with parental observation M-CHAT

	ADEC/
(Autism Detection in Early Childhood)
	Reciprocal social/communication behavior
	Trained examiner/
observation
	16
	12-36 months
	12-36 months
	2007
	Developed and intended for level 2 screening





[bookmark: _Toc487622726][bookmark: _Toc489356705]Instrument validity


The essential question for all instruments is, in what way the instrument meet the requirements for what it is meant to achieve. A growing number of studies have in the recent years evaluated existing screening tools, instruments and programs. Systematic reviews have completed and compared the programs and tried to evaluate to what extent the screening instruments help recognize and detect signs of ASD in early years. There is also a discussion of the overall benefit and harm in completing universal screening for ASD in the general a population. When calculating to what extent the screening tool is able to detect ASD in the children, we need the Positive Predictive Value (PPV) for the instrument, which means how many of those who the instrument found to have ASD were really later diagnosed with ASD. Different studies have suggested an acceptable PPV is 0.50 o higher for developmental delay and disorders (Nickel & Huang- Storms, 2017). 
The expanding numbers of screening tools for ASD developed in recent years (se Table1) are divided in two groups. Level 1- instruments developed for a universal, population –based screening of children in health care services without any previous suspicion of ASD or developmental delay and level 2-instruments for children when there is a special concern for developmental delay and/or when there is a genetic risk factor for ASD. When evaluating Level 1 instruments we often find low PPV, not exceeding acceptable 0.50. When sensitivity is calculated and reaches acceptable 0.70 you often also find high false-positive rates, which means lowering the specificity of the instrument. Level 2 instruments are often evaluated to have higher PPV, which is not surprising as children evaluated with this type of tests are already suspected to suffer from some kind of developmental disturbance. Level 2 instruments are also often combined questionnaires followed by parent interview. There is a discussion on whether high sensitivity or high specificity should be the measure of greatest concern. Instruments with high sensitivity often sacrifice specificity by increasing the false positive rates, whereas instruments with high specificity may sacrifice sensitivity by increasing the false negative-rates. Low sensitivity would result in missing diagnosis in children who later will develop ASD, hindering children and their family from early support and treatment. Low specificity, on the other hand, has negative consequences when false-positive cases are referred for evaluation through costly assessments. One should also consider possible stigmatization and unnecessary concern and family stress caused by falsely alarming parents (Charman & Gotham, 2013). This is considered as negative side effect of screening programs with insufficient specificity. However, when considering high false-positive rates, they often include children with other developmental delays as, intellectual disorders or language delay, which maybe otherwise wouldn´t be recognized at early age (Dietz et al. 2006).
 
[bookmark: _Toc487622727][bookmark: _Toc489356706]Age for diagnosing ASD 

One crucial question to be answered is at which age children could and should be referred and evaluated for an autism spectrum diagnosis (ASD) to give the optimal results according to sensitivity, specificity and PPV. Reviewing studies, done the last decade in evaluating screening programs, suggests screening before 24 months may be associated with higher false-positive rates than screening ≥24 months (Zwiegenbaum et al. 2015). The screening tools presented in table 1 should be used at different ages. The M-CHAT, the most used instrument in many countries and in community settings gives low PPV (0.28) for toddlers aged 16-23 months and higher (0.61) when children are 24-30 months (Zwiegenbaum et al. 2015). The level 2 instrument STAT (Screening Tool for Autism in Toddlers & Young Children) , has been used and assessed in clinical setting of 2-year-olds referred for suspected ASD and has presented high specificity (0.85) and high sensitivity (0.92). However, the STAT is not an instrument to be used in for ASD detection in low-risk Children Health Care Services. A matter which is not sufficiently discussed is the impact of follow-up time when evaluating the true sensitivity and specificity estimates. A too short follow-up time will result in unrealistic high estimates. 
[bookmark: _Toc487622728][bookmark: _Toc489356707]Existing guidelines and recommendations

There are inconsistent recommendations for a general screening procedure when comparing different international and European authorities and guidelines for health care programs. The American Academy of Child and Adolescent Psychiatry (AACAP) in their latest guidelines (2013) recommend and support to ASD screening in young children and even in some instances recommend for older children. The American Academy of Pediatric has the same recommendation in their latest statement (2013). At the same time they argue for the need for more research on evaluation of existing programs, follow-up studies, and motivating parent for longitudinal participating in treatment programs when detected by screening procedures (Volkmar et al., 2014).  Another American institution with national experts in prevention and evidence-based medicine The U.S. Preventive Services Task Force (USPSTF, 2016) gives another description. They find current evidence insufficient to assess the balance of benefits and harms of screening young children for autism when no concerns for ASD are raised by parents or clinicians. Similar suggestions and statements are made by SIGN (Scottish Intercollegiate Guideline Networks, 2016), who find “Population screening for ASD is not recommended” when there is no suspicion of developmental delay, diseases or complications. All guidelines suggest that children at risk for ASD should receive intensified surveillance. The frequency in later born siblings to children with ASD has been estimated at 14%. However, this estimate is likely to vary with ASD subtype.
[bookmark: _Toc487622729]
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[bookmark: _Toc487622730][bookmark: _Toc489356709]Historical overview

The first evidence-based strategies to treat children with autism was developed within the University of California, Los Angeles (UCLA) project, and was established during the 1970s and 80s. Since then, a number of programs with different focus for treating children with ASD have been established.  Ivar Lovaas, 1987, was the first to perform a controlled study reporting that early intervention based on applied behavior analysis (ABA) significantly increased cognitive abilities as reflected on IQ tests (Lovaas, 1987). A follow-up study further showed that initial gains through early intensive intervention could persist into adolescence (McEachin, Smith & Lovaas, 1993). The importance of parents being involved in the intervention program was observed early (Berkowtz & Graziano, 1972), and this finding  has been confirmed in studies reporting from different programs based on ABA - techniques (Vismara & Rogers, 2010). New approaches of strategies to increase the children’s motivation for participating in training programs have been developed over the years (Dunlop & Koegel, 1980; Schreibman, Charlop & Koegel, 1982; Koegel Dyer & Bell, 1987). The importance of developing a milieu that offer training in interaction with parents, siblings and preschool staff has also being stressed and is often today the most useful factor when establishing a comprehensive intervention program for children with ASD (Toth, Munson, Meltzoff & Dawson, 2006). Recent approaches have been introduced to integrate methods based on developmental sciences in ABA intervention programs, implemented by both clinicians and parents (Dawson & Bernier, 2013). Different programs have been gathered under the common designation “Early Intensive Behavior Intervention” (EIBI) program, a label that in recent years has been the name for different comprehensive learning programs aimed to engage children with ASD in structured, highly individualized tasks, intended to learn a variety of developmental skills.

[bookmark: _Toc487622731][bookmark: _Toc489356710]Theoretical implications

There is growing evidence from an expanding number studies during the last 15 years, that early behavioral and developmental interventions based on Applied Behavior Analysis (ABA) principles can affect some children with ASD. Interventions delivered in an intensity of ≥ 15 hours per week, and in a comprehensive program, demonstrate improvement in cognition, language, adaptation and ASD impairment compared to children in low-intensive, non-ABA based intervention approaches (Weitlauf et al., 2014).   
ABA was from start not developed as a strategy to specifically treat autism, but rather a systematic way to observe someone's behavior, identifying desirable changes in that behavior and then using the most appropriate methods to make those changes. It is simply based on the idea that someone's behavior can be changed by altering what happens before the behavior occurs (known as the antecedent) and/or by altering what happens after the behavior occurs (known as the consequence). The ABA-strategies can be used in different field and ages for the purpose of changing behavior in both humans and other primates.   
For young children with autism, the aim of ABA is to encourage meaningful and important behaviors in the individual. For example, it may be used to develop basic skills such as looking, listening, and imitating, as well as complex skills such as, communication, cognition, or taking the perspective of others.

A list of what children with autism need to improve or change could be:
· To increase behaviors (e.g. to increase on-task behavior, or social interactions) and to teach new skills (e.g., life skills, communication skills, or social skills).
· To maintain behaviors (e.g., self control and self monitoring procedures to maintain and generalize social skills when engaged with other children).
· To generalize or to transfer behavior from one situation or response to another (e.g., from completing assignments in the individual training to performing as well in the mainstream preschool group)
· To restrict or narrow conditions under which interfering behaviors occur (e.g., modifying the learning environment).
· To reduce interfering behaviors (e.g., self injury or stereotypy).

For example, it may be desired to improve a child's communication and social skills (the behavior) by showing the child more effective ways to interact with other children (the antecedent), and then rewarding him (the consequence) when he performs the improved behaviors. It should then be analyzed how well that approach worked out and, and if necessary, changes to the intervention should be made to improve the child's behavior next time.
Systematic procedures
The process of ABA is intended to be scientific, objective and systematic.
“Children are first individually analyzed to assess the behavior that needs to be altered. Once the behavior is identified, intervention strategies are determined to suit the situation and, then, used to modify the behavior. During this time, the instructor provides reinforcement to elicit and maintain the desired behavior. Evaluations are made throughout the modification process to assess the effectiveness of the intervention. When an intervention is found to be ineffective, another strategy is substituted. Each case of applied behavior analysis (ABA) must be conducted around the context of the environment and particular characteristics of the individual. The behavior that is targeted for change must also be observable and measurable”. Schoen, 2003, (Research Autism, 2016).
Specific approaches and interventions
A practitioner using the principles of ABA may use one or more specific approaches and interventions as lined out from the British organization “Research autism- Improving the quality of life” (Research Autism, 2016).
· discrete trial training - a highly-structured form of training that involves a trainer instructing an individual using a series of learning opportunities or trials.
· early intensive behavioral intervention - highly structured and intense intervention in which a child is taught a range of skills by a team of practitioners beginning in the pre-school years.
· functional assessment - the process for gathering information that can be used to maximize the effectiveness and efficiency of behavioral support interventions.
· functional communication training  - teaching people to use other forms of communication as substitutes for the messages underlying challenging behaviors.
· incidental teaching - form of teaching in which a teacher takes advantage of naturally occurring incidents or situations to provide learning opportunities for the student.
· milieu training - form of teaching in which the teacher takes advantage of the child's interest in the things around him, the milieu, to provide learning opportunities for the child.
· pivotal response training - form of training in which the trainer concentrates on changing pivotal areas in order to change the behaviors which depend on them.
· positive behavioral support - intervention in which individuals are assisted in acquiring adaptive, socially meaningful behaviors and encouraged to overcome maladaptive behaviors.
· verbal behavior approach - intervention which focuses on teaching specific components of expressive language first (such as the ability to make a demand). 
                                                                                                             (Research autism, 2016)
Specific techniques
In addition, the practitioner may use one or more of many specific techniques within one or more of the interventions listed above.
· chaining - the linking of component behaviors into a more complex, composite behavior.
· fading - gradually reducing the strength of a prompt.
· fluency building - building up complex behaviors by teaching each element of those behaviors until they require less effort.
· modeling - method of teaching in which an individual learns a behavior or a skill by watching someone demonstrating that behavior or skill.
· prompting - verbal or physical cue or hint that is used to encourage an individual to perform a desired behavior.
· reinforcement - a response (such as praising or attending to the child's behavior) that affects the likelihood of that behavior recurring.
· shaping - technique, in which successively closer approximations of a desired behavior are reinforced.
· time out and extinction - a procedure to ensure that unwanted behaviors are no longer rewarded.
                                                                                                              (Research Autism, 2016)
Specific programs
During the two last decades, many comprehensive, multi-component programs for children with ASD have been developed, which incorporate the principles of applied behavior analysis.
Some  programs have been evaluated in peer-reviewed journals; Autism Preschool Program, the Douglas Developmental Disabilities Center Program, the Early Achievements program, the Early Start Denver Model, the JASPER: Joint Attention, Symbolic Play and Engagement Regulation program, the Lovaas method/UCLA Young Autism Project, the May Institute Program, the Murdoch Early Intervention Program, the Princeton Child Development Institute Program, Project ImPACT, the SCERTS model, and several others.
Traditional versus contemporary forms of ABA
The early forms of ABA were very directive, with the practitioner controlling all aspects of the intervention. For example, in discrete trial training, the practitioner would often structure the learning environment and specify what would be learnt and when - although this might not bear any relationship to the individual's activities or interests.
Later forms of ABA are more naturalistic in their approach, with the practitioner taking account of the child's own interests and activities. For example, in milieu teaching, the practitioner takes advantage of the child's interest in the things around him, to provide learning opportunities for the child.
In practice, few practitioners are totally directive or totally naturalistic. Instead, most practitioners use a range of techniques, incorporating some directive and some naturalistic elements. ABA techniques can be used in highly structured situations - such as formal instruction in classrooms, as well as in less structured situations - such as during play or mealtime at home. They can be used in one-to-one instruction, or in whole group instruction (Research Autism, 2016).
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The overall aim of Early Intensive Behavior Intervention (EIBI) programs are to engage the child with ASD in a structured comprehensive learning program individualized for the special needs of each child.  EIBI programs are all in some way based on ABA- strategies and techniques, although they should not be labeled ABA for children with autism. As ASD is diagnosed and described as a pervasive developmental disorder, the young affected child needs a program including a broad band of different skills to learn and/or improve. The label “Intensive behavioral and developmental program” has in recent years been the appropriate description of the content as it is not only the behavior of the child the practitioner must consider, but also neuropsychological development of the individual child.
Most EIBI programs today are developed from the original UCLA- project even though they vary considerably in techniques and emphasis. The Early Start Denver Model (ESDM) is one of the programs that has been most used for preschool children and even toddlers. They use the ABA- strategies, but apply them in the child´s natural environment, and focus on engaging other preschool children using material from the natural setting. EIBI programs are manualized, intensive, and focus on a range of skills the child needs to train, develop and generalize to other settings. 
The evaluation of existing EIBI programs has not been easy to make. Over the last 10 years, a great number of studies have been implemented, and reviews have clearly demonstrated the difficulties of assessing the treatment effects of EIBI programs. In reviews, different EIBI programs are often characterized as “early intensive behavioral and developmental intervention”, an eclectic grouping and description. The heterogeneous group of children (severity of autism), cognitive skills at baseline, different intensity (hour/week), start time for intervention, duration of treatment, staff education, parent participation, parent autism education, control of complementary treatment, instrument ability to assess effect of intervention; all these factors challenge the ability to correctly evaluate different EIBI programs. 
Still in summery; recent international reviews conclude there is growing evidence suggesting that behavior intervention programs are associated with positive outcome for some children with ASD. Although the quality of studies are improving, there is a need for substantial scientific advances, and methodological rigor to achieve a better understanding of which element and components play a major role in helping children to improve and develop new skills (Weitlauf et al, 2014).
A review regarding existing international literature in EIBI programs and treatment for children with ASD, was initiated and supported by the Swedish national association of habilitation authorities (Bromark et al, 2004 [in Swedish]).  The report “Mångsidiga intensiva insatser för barn med autism i förskoleåldern” (updated 2008, 2014) concluded that there is no evidence for any specific intervention/treatment program giving better outcome for children with ASD than others, but the review recommended that any EIBI program based on ABA strategies should be implemented in the habilitation services for all preschool children with ASD in Sweden. In most Swedish counties, the report had great impact on the development of interventions and the establishing of guidelines for programs for children with ASD. ABA-based programs are now offered almost all preschool children with ASD in Sweden.




[bookmark: _Toc487622733][bookmark: _Toc489356712]Aims

The overall aim of the thesis was to evaluate risk factor for ASD, and to investigate possible evidence for the advantages to establish a ”care chain” for detection and intervention of ASD in young children. The latter scope was fulfilled by developing and evaluating an easy-to-handle, cost-effective instrument for the detection of autism designed for earlier recognition at 30 months follow-up in primary health care, and to evaluate a behavioral and developmental ABA based program for preschool children with autism already in use in the Skåne region, Sweden
Figure 1.
Visualization of the designed care chain: from early detection to early intervention. 
Autism in children
From detection to intervention
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The aim of the first paper was to evaluate risk factors for Autism Spectrum Disorders (ASD), in an epidemiological study, using the Swedish Medical Birth Register (MBR). Obstetrical and demographical data was retrieved for 250 children with autistic disorder (AD) or Asperger syndrome (AS) born in Malmoe, Sweden. 
[bookmark: _Toc487622735][bookmark: _Toc489356714]Paper II
The purpose in this paper was to develop and statistically validate a new screening observation instrument for ASD in young children, the Observation Scale for Autism (OSA).  Further, to evaluate if OSA could discriminate children with ASD from children with Down syndrome (DS) and from typically developing children (TD). 
[bookmark: _Toc487622736][bookmark: _Toc489356715]Paper III
The aim of the 3:rd paper was to implement and evaluate the new screening instrument, the OSA, for a period of two years in children coming for their standard 30 months check-up at Child Health Clinics in Malmoe. The OSA was designed and evaluated by the researchers for the detection of ASD before the age of three years in clinical setting. 
[bookmark: _Toc487622737][bookmark: _Toc489356716]Paper IV
The aim of the 4:th paper was to evaluate the Comprehensive Intensive Early Intervention (CIEI) program for children with ASD, which is a part of the regular program in all Child- and Youth Habilitation Centers in Region Skåne since 2009. The CIEI program is offered to all children under age 6 years diagnosed with ASD. The CIEI program is a manual based ABA (Applied Behaviour Analysis) program for developing cognitive, social and communicative skills in children with ASD, engaging parents and preschool assistants in a naturalistic setting. 
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[bookmark: _Toc487622739][bookmark: _Toc489356719]Risk factors for autism (Paper I)
The study was designed to investigate and compare pre- and perinatal risk factors for Autistic Disorder (AD) and Asperger Syndrome (AS) in a population in the south of Sweden. Case participants were children who were diagnosed with AD or AS at the Malmoe Child- and Adolescent Psychiatric Clinic, born 1980-2005, and attended to the Child- and Youth Habilitation Center in Malmoe during the period 1997-2007. Cases were diagnosed according to DSM-IV (if earlier cases DSM-III) (Autistic Disorder, F 299.00), or ICD-10. Children who had Asperger Syndrome were diagnosed to DSM-IV (29980), ICD-10 or Gillberg & Gillberg criteria (1989). Children diagnosed with PDD-NOS who were enrolled at the Habilitation Center were excluded, first because they were rather few but also because we wanted to avoid children with autism borderline conditions. In total 250 children (157 children with AD and 93 children with AS) constituted the study group. For the majority of cases (75%) ADOS-G and ADI-R was used to ensure that ASD core symptoms were present in the diagnostic process. Intellectual capacity was in children with AD usually assessed with WPPSI-R or WISC-III. In children with a severe form of retardation or when nonverbal, the PEP-R (Psycho Educational Profile- Revised) or Leiter International Performance Scale was completed. Children with AS were usually assessed with WISC-III in late childhood or early adolescent. Mental retardation (Intellectual disability) was defined as intellectual capacity below IQ 70 and a significant limitation in adaptive functioning in daily life. Children with AD are usually enrolled at habilitation centers aged 2.5 to 8 years and children with AS (approximately 75%) are enrolled between the ages of 8 to 15 years. The control group for this study was identified from the Swedish Medical Birth Register (MBR), and consisted of all children born in Malmoe during the study period, and not included in the case groups. Obstetrical and demographic information was retrieved from MBR for the study groups and the controls.  
[bookmark: _Toc487622741][bookmark: _Toc489356720]Developing and evaluating a new screening instrument for ASD (Paper II and III)
[bookmark: _Toc487622742]Developing a new screening tool for ASD 
Malmoe is a city in the south of Sweden with 350,000 inhabitants that has received many immigrants in the last decades, representing more than 170 different nationalities. About 48% of all children in preschools have another mother tongue than Swedish and a different cultural background. In our epidemiological study from Malmoe by Haglund and Källén (2011), we found maternal immigration outside the Nordic countries to be positively associated with Autistic Disorder and negatively associated with Asperger’s disorder. The findings may indicate that milder forms of autism are less prevalent in some populations or else that they are not detected. In Sweden, all children are screened free of charge, with high attendance, at the Child Health Centers (CHCs) at regular intervals from birth up to age 4 years. The Haglund and Källén study (2011) pointed to the need for a brief and low-cost screening instrument for the detection of ASD symptoms by the specially trained nurses at the CHCs, preferably an observation scale to minimize the influence of language difficulties and cultural awareness. We intended to develop and statistically validate a screening observation instrument for ASD in young children. 

The new screening tool for ASD, the Observation Scale for Autism (OSA), was in a first step validated by assessing 37 children diagnosed with ASD, 23 with DS and 26 typically developing children (TD). The OSA, specially developed to minimize the influence of different culture and language background, consists of 12 observations (i.e. a maximum score of 12) and takes less than 10 minutes to use. The items in the OSA were chosen according to earlier research in early sign for ASD. The observations were especially focused on reciprocal behavior in communication, social interaction and play, namely reciprocal social interaction between caregiver and child; reciprocal eye; contact between nurse and child during the assessment; reciprocal play between nurse and child; the child’s spontaneous use of two word phrases during assessment. The instruction for the observer was to determine whether the child behaved at each observation point as expected for a child with the developmental age of 30 months. If not, the observer would score one point.

[bookmark: _Toc487622744]Evaluating the OSA in clinical setting 
In the second step, the OSA was evaluated in a clinical setting. This evaluation was performed within the already existing 30 months follow up program in Sweden, which is offered to all children at their local CHC-unit. It has been estimated that 95-98 % of all parents take their child to the free 30- month follow-up assessment in Sweden. The CHC-nurse makes a general assessment, including cognitive-, motor- and speech development. For this study, parents were offered a complementary screening for ASD symptoms using the OSA together with the M-CHAT. Prior to the 30 months follow–up, the parents were sent information on the ASD-screening, were asked for a written consent to participate, and were asked to fill out the M-CHAT questionnaire before the appointment at the CHC-unit. The OSA screening was estimated to take a maximum of 5-10 minutes to perform. When evaluating the OSA instrument in the prior pilot study, the 9 most discriminative items were selected to increase specificity (excluding from the original 12 observations; adequate movements, building blocks and two-word- sentences). The 9- item version of the OSA was used in the final screening study. The M-CHAT questionnaire was available in 12 different languages and, if needed, parents were offered help at the CHC-unit to complete the questionnaire. Parents who, by any reason, decided not to participate with their child in the ASD- screening were asked to fill out a drop- out report. Participating CHC-units were offered continuous guidance from the research team during the whole screening period, and recently employed CHC-nurses received information on how to use the OSA instrument. If a child reached cut-off on either the OSA or the M-CHAT, or if parents had concerns regarding their child´s development, the CHC-nurses were instructed to arrange an appointment with the local CHC-psychologist for a second opinion before referring the child for an ASD evaluation at the CAP clinic. The screening results (both from the OSA and the M-CHAT) were continuously collected and registered in a SPSS-database.
[bookmark: _Toc487622745]Screening procedure
In Malmoe, 21 out of 29 CHC-units choose to participate, during an up to a two-year period, offering to screen all children at their 30-months follow-up health assessment. Different CHC-units participated in the screening program for varying long periods according to the agreements made. The over-all screening period lasted during January 2011to May 2013 (29 months), but few CHC centers participated during the whole screening period. In total, 2,571 children were screened with OSA out of 6,450 children who attended the 30-month follow- up at any participating CHC during the study period. A majority of the CHC-nurses participated in a one-day course on the early symptoms of ASD, and received information on how to use the OSA instrument.  In a second step, all children who raise any suspicion of autism should be referred for neuropsychiatric assessment at a specialized neuropsychiatric team at the CAP (Child and Adolescent Psychiatry) clinic in Malmoe, including ADOS-G observation, and parental interview with ADI-R. Referring CHC was to be registered, as well as if the child is diagnosed with autism or not. Registration of all incoming referrals regarding possible autism at the CAP clinic in Malmoe during the study period made it possible to track falsely negative children in the population, i.e. children who are not detected at the CHC control including the OSA screening. 

[bookmark: _Toc487622747][bookmark: _Toc489356721]Evaluating the Comprehensive Intensive Early Intervention (CIEI) program (paper IV)

The early intervention (CIEI) program for children with autism was introduced at three out of ten Child- and Youth Habilitation Centers in Region Skåne in 2005. As a part of the regular program in all ten Habilitation Centers from 2009 the CIEI was offered to all children under age 6 years diagnosed with autism. The CIEI is a manual-based ABA program similar to the “Naturalistic Developmental Behavioural Interventions- program” (NDBI) described by Schreibman et al (Schreibman et al., 2015). The CIEI program is individualized for developing cognitive, social and communicative skills in children with ASD, engaging parents and preschool assistants. All participating parents and preschools trainers were educated in autism and ABA before intervention. The program is supervised by trained psychologists, speech therapists and special education teachers. Treatment/intervention intensity is high, with structured exercises 15-20 hours/week for the child at the preschool, and a further 5-10 hours/ week training at home by parents. The treatment duration available is two years. The CIEI program should be offered to all families directly after their child is diagnosed with autism. During the last years, 2012-2017, we have seen children diagnosed at younger age than before and some children are now diagnosed under the age of two years.

Children in Skåne diagnosed with Autistic disorder (AD) before age 5 years, born 2003-2007, were included in the study. The final study cohort was divided in one intervention group (n=67) and one comparison group (n=27), according to written consent from parents to participate in the study. The study could not be randomized because the CIEI program was already implemented in all habilitation centers in Skåne, and all children with ASD was to be offered the program. Thus, a delay in entering the program could not be accepted. Due to these circumstances, the comparison group constituted children with AD whose parents for some reason did not accept or did not want their child to participate in the intensive intervention program.

Inclusion criteria for both study groups were, that the child should be both diagnosed with Autistic Disorder F 84.0 DSM-IV (APA, 2000) or ICD-10 (International Clarification of Diseases, 10th edition), and also assessed with the ADOS for describing autistic symptoms. The examinations were often made as a part of the diagnostic evaluation for ASD. For each child, an agreement between supervisor- parents and preschool staff was reached to confirm the intensity and content of the CIEI- program over an approximately two-year intervention period. The progress for every child engaged in the program was continuously evaluated every 6 months and the plan for further development considered. The team, responsible for the intervention program met with the child with autism every 2 weeks for the first year, and every 2-4 weeks during the second year. Parents to children in the comparison group were given non-intensive support according to an agreement between parents and staff at their local habilitation center. This support could, e.g., consist of different kinds of targeted types of training (speech and language training, toilet training, home support or other forms of time-limited efforts) that the parents asked for. In these agreements, no scheduled time for weekly activities for parents or preschool-staff with the child was postulated. After completed CIEI program an intellectual evaluation was performed prior to start school and again an ADOS assessment was accomplished. The comparison group was also intellectually evaluated prior to school and an ADOS assessment was performed.
[bookmark: _Toc487622748]Pre- intervention assessment (baseline data)
Data on all children´s autism severity, according to ADOS- scores and cognitive development, were collected from the prior diagnostic evaluation at the Child Psychiatric Clinic. When possible, the cognitive development was assessed by WPPSI-III (Wechsler Preschool and Primary Scale of Intelligence – Third Edition) (Wechlser, 2005). Otherwise (n=29), a developmental age was calculated from information retrieved from Griffiths Mental Development Scales (Alin-Åkerman &Nordberg, 1988), PEP-R (Psycho Educational Profile- Revised) (Schopler, 1990) or The Leiter International Performance Scale-Revised (Leiter-R)(Kaplan & Sacuzzo, 2010). Verbal and performance development were estimated separately, but for each child, an overall developmental quotient was calculated for the time of the assessment. In cases of incomplete assessments, a best estimate was made from the retrieved information or from structural observations recorded in medical records.  
[bookmark: _Toc487622749]Post- intervention evaluation 
All 94 participants were cognitively assessed or evaluated before starting school at seven years of age. Cognitive level was assessed with WPPSI-III or WISC-IV (Wechsler Intelligence Scale for Children – Fourth Edition) (Wechsler, 2007), and the school form and level was recorded. A new assessment with ADOS-R was performed within one year after starting school to evaluate autism symptoms severity. Both cognitive evaluation and ADOS-R assessments were performed by experienced psychologists, blind to the child’s study group belonging (intervention or comparison group).
[bookmark: _Toc487622740][bookmark: _Toc489356722]Statistical methods and considerations
[bookmark: _Toc489356723]Basic statistical concepts
· When investigating risk factors for a certain condition (like autism or Asperger syndrome), it is convenient to use Odds Ratios (OR) as outcome measurement. In the original form, an OR is calculated from
  = , where 
a=exposed cases, b=non-exposed cases, c=exposed non-cases, d=non-exposed non-cases:

A basic 2 x 2 contingency table
	
	Exposed
	Non-exposed

	Cases
	a
	b

	Non-cases
	C
	D




If the Odds among cases are equal to that among non-cases, the OR will be 1.0.
If the outcome is rare, the OR can be interpreted as a Risk Ratio.
· A confounder is a variable that is associated with both the outcome and the investigated exposure(s), but is not on the causal pathway.
· Confounders can be adjusted for using multivariable analyses, aiming to investigate the independent effect on the outcome of each included variable.
· The p-value reflects the possibility that a certain retrieved estimate (e.g., an OR above 1.0) could be obtained by chance. Thus, a low p-value shows that it is unlikely that a certain elevated OR could be due to chance.  
· The overall level of significance decides which findings are regarded to be statistically significant. In all investigations in this thesis, the significance level was set to 0.05.  
· Confidence Intervals (CI) are computed in order to decide the precision of the computed outcome measurements.  A 95%CI shows the interval that the estimate (with 95% certainty) lies within.
· The performance of a certain test could be measured by the following measurements:
	
	True positive
(cases)
	True negative
(non-cases)

	Test positive
	a
	b

	Test negative
	c
	d


	


	Term
	Equation
	Description

	Sensitivity
	a/(a+c)
	The probability of true cases to be detected with a positive test.

	Specificity
	d/(b+d)
	The probability of non-cases to be identified as non-cases

	1-Specificity
	1-(d/(b+d)) = b/(d+b)
	False positive

	Positive predictive value (PPV)
	a/(a+b)
	The proportion of true cases among all individuals with positive tests. 

	Negative predictive vaule (NPV)
	d/(c+d)
	The proportion of non-cases among all invididuals with negative tests.











· The Receiver Operating Characteristic (ROC) curve can be used to visualize the relation between sensitivity and false positive, helping investigators to decide a suitable cut-off.
· The Area under the ROC curve is an overall measurement of the performance of a certain test. The area is always between 0.0 and 1.0. If a certain test has absolutely no ability to predict the outcome, the area under curve will be 0.5.    
[bookmark: _Toc489356724]Short description of the statistical methods used
· For investigations of binary outcomes, when appropriate, we used simple or multiple logistic regression analyses to calculate Odds Ratios (ORs) and 95% Confidence Intervals (CI). Before the final analyzes were conducted, introductory analyses were carried out in order to decide the most efficient way (linear, as class variables, polynomial) to represent the investigated risk factors, and possible confounders, respectively, in the multivariable analyses. In order to minimize the risk of over-fitting, we followed an old rule-of-thumb, that the number of variables included should not exceed 1/10 of the number of cases.
· Goodness of fit of the tested models were decided using Hosmer-Lemoshov test (Hosmer and Lemeshow, 1989).
· When numbers were low, Fisher Exact tests were carried out to estimate the p-values in binary investigations.
· In order to compare if there was a true difference between two obtained ORs, we compared the ORs using two-tailed z-test.
· For, descriptive purposes, difference of proportions, or distributions between groups were tested, using Chi2-tests, or Mann-Whitney U-tests, respectively. 
· In investigations where the outcome measurement was continuous, and believed to be normally distributed, analysis of variance (ANOVA) were carried out to study the difference of means between groups, controlling for possible confounders if these variables were represented as class variables. If the possible confounders were represented as continuous variables (or a mixture between class variables and continuous variables), analysis of covariance (ANCOVA) was used instead.
· When more than two groups entered the ANOVA, pair-wise comparisons were performed, adjusting for multiple comparison using the Bonferroni method.
· Mixed effect models were used in case of repeated measurements, to estimate the difference of slopes between groups considering the exact dates of study entrance and exit.

Analyses were carried out using Gauss (Gauss™, Aptech Systems Inc., Maple Valley, WA, USA, http://www.aptech.com) or SPSS version 22.
[bookmark: _Toc489356725]Summary of the statistical methods used
Paper 1
· We used multiple logistic regression to investigate several risk factors, estimating the OR (with 95%) for AD and AS separately.
· The best models to represent the data were calculated by studying the goodness of fit.
· Two-tailed z tests were carried out to compare the estimates for AD and AS.
Paper 2
· For binary outcomes, pair-wise group comparisons (ASD vs TD, ASD vs DS, and males vs females), respectively, were performed using Fisher’s exact tests.
· The area under the ROC curve was used to estimate the overall ability of the OSA to detect autism among children at 2.5 years of age. In this analysis, children with DS were excluded.
· One-way-ANOVA with Bonferroni post-hoc tests were used to compare the age at assessment across groups. 

Paper 3
· Fisher´s exact test was used to analyze the associations between a clinical ASD diagnosis (yes vs no) and the scores of the nine individual OSA items. 
· The test properties (sensitivity, false positive, PPV, and NPV values) were calculated for both the OSA and the M-CHAT. 

Paper 4
· Chi2-tests (dichotomous variables), or Mann-Whitney U-tests (continuous variables) were used to compare the pre- and post-intervention characteristics among children in the intervention group with those of the children in the comparison group. 
· For each study group, the individual, and the mean, respectively, slope of the change of ADOS- total scores between the baseline- and evaluation date were estimated using mixed effects models. 
· In the main analyses two outcome measurements were considered: Change of ADOS-total score, and change of ADOS-severity scores, per year, respectively. The change was calculated trough (scores at evaluation minus scores at baseline) / time elapsed between base-line and evaluation.
· For univariate analyzes we used ANOVAs (binary factors), or linear regression analyses (continuous factors) to evaluate each factors’ association with the outcome measurements. 
· In order to evaluate the intervention independent from putative confounders, all factors with p-values below 0.2 in the univariate analyses were included in the final ANCOVA models. 
· Multivariable linear logistic regression analysis was conducted to compare any positive change (yes vs no) of ADOS-module between baseline and evaluation between children in the intervention group and children in the comparison group. 
[bookmark: _Toc487622751]


[bookmark: _Toc489356726]Results
[bookmark: _Toc487622752][bookmark: _Toc489356727]Risk factors for autism (Paper I)

A total of 376 children diagnosed with Autistic Disorder or Asperger syndrome were enrolled at the Child and Youth Habilitation Center in Malmoe during 1997–2007. Among these children, 14% were born outside Sweden, and 19% were born in Sweden but outside Malmoe. In total, 250 patients with Autistic Disorder or Asperger syndrome were born in Malmoe and constituted the final study group for detecting risk factors for ASD.  In 19 individuals with Autistic Disorder information on presence of mental retardation was lacking. Among the remaining 138 infants with autism, 92 (67%) were reported to have a mental retardation. 
When comparing the children with AD and Asperger syndrome we found similarities but also differences. 
· Maternal age 40 years or above was a significant risk factor for AD. A possible U-shaped relationship between maternal age and risk of autism was indicated but could not be verified in an analysis including a second grade term for maternal age (p = 0.12). 
· For Asperger syndrome, an association with maternal age 40 years or above was indicated but not statistically significant. 
· For both Asperger and AD, the OR for maternal age ≥ 40 years did not change when adjustments for the other possible risk factors were made. 
· Maternal smoking was positively related to Asperger syndrome, but negatively associated with autism. 
· As expected, male gender was a strong risk factor for both autism and Asperger syndrome. 

The study revealed two major findings comparing the observed Autism spectrum disorders, AD and Asperger syndrome. 
First, we combined the variables; birth before 37 weeks of pregnancy, Apgar score at 5 minutes below 7, small-for-gestational-age, and large-for-gestational-age, into a designed dichotomous variable. We did this in order to evaluate the overall impact of obstetrical risk factors in the etiology of autism or Asperger syndrome (Table 2).
Table 2
Prevalence of any obstetrical risk factor* in the study group and the total population (children born in Malmoe between 1980 and 2005).
	Any obstetrical risk factor*
	Autism
	Asperger syndrome
	Total population

	
	n
	%
	n
	%
	n
	%

	Yes
	34
	21.7
	12
	12.9
	12 534
	18.2

	No
	123
	78.3
	81
	87.1
	56 430
	81.8


*<37 weeks of gestational age, Small for Gestational Age, Large for Gestational Age, or Apgar scores <7 at five minutes

· After adjusting for year of birth, maternal age 40 years or older, primiparity, maternal birth outside Sweden, and gender, the Ors (with 95% CI) for ‘any obstetrical risk factor’, for AD was 1.7.
· The corresponding OR for Asperger syndrome was 0.7, 
· The difference between the estimates for autism and Asperger syndrome was statistically signiﬁcant (p = 0.02) (figure 2). 
· The difference between the estimates among individuals with or without mental retardation was not signiﬁcant (p for homogeneity = 0.28), but the estimate for ‘any obstetrical risk factor’ was signiﬁcantly higher among individuals with autism without mental retardation than among individuals with Asperger syndrome (p for homogeneity = 0.0004, results not shown).
Figure 2.p-value for difference between estimates=0.02

Adjusted for: Year of birth, maternal age, primiparity, maternal country of birth, and gender.


Secondly, we found that except for immigrants from other Nordic countries, women who were not born in Sweden had given birth to a child with autism signiﬁcantly more often than women born in Sweden (figure 3). 
Figure 3
· A strong positive association between autism and maternal birth outside Sweden was found. The association remained signiﬁcant in the multivariate analysis. 
· We found quite also contrary to this, a signiﬁcant negative relationship between Asperger syndrome and maternal birth outside Sweden (OR 0.5).
· The highest OR for autism was found for children of women who were born in sub-Saharan Africa, and this estimate differed signiﬁcantly from the estimates for the other groups of women born outside of Nordic countries (p = 0.007). The estimates changed marginally when adjustments were made for year of birth, maternal age, and perinatal risk factors. 
· The study could also show the risk of autism and maternal birth outside Sweden was a signiﬁcant risk factor for autism irrespective of paternal Swedish citizenship. 
[bookmark: _Toc487814105][bookmark: _Toc489356728]Developing and evaluating a new screening instrument for ASD (Paper II and III)
[bookmark: _Toc487814106][bookmark: _Toc489356729]Developing and evaluating the OSA
A new screening tool for autism spectrum disorder, the Observation Scale for Autism (OSA), was in a first step validated by assessing 37 children diagnosed with Autism Spectrum Disorder (ASD), 23 with Down Syndrome (DS) and 26 typically developing children (TD). 
· Compared to TD children, the children diagnosed with ASD, showed statistically significant higher scores in all twelve items. 
· The children with ASD also showed statistically significant higher scores in ten items compared to the children with DS. 
· 92% of the children with ASD had more than 4 scores on the OSA compared to 17% in the group of children with DS and 0% in the group of TD children (figure 4).
· The study showed that the OSA seemed to discriminate children with ASD from children with DS and TD children. 
· The proposed cut-off of score 3 seemed to be appropriate. Most of the observations in OSA seemed to cover specific symptoms of ASD. 
· The two different observations where the groups of children with ASD and DS did not differ statistically significant were all related to developmental level.


When comparing the 3 different groups of children we found that the children with ASD had statistically significant higher scores on all observations than the typically developing children (Table 3). Compared to the children with DS the children with ASD had statistically significant higher scores on ten of the twelve observations. The only two observations that did not differ were “adequate movements” and “two word sentences” (p=1.0 for both items).
Figure 4: Number of scores by study group.
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Table 3
Number of scores by task and study group. The p-values were obtained by Fisher exact tests.


	
	ASD n=37
	DS n=23
	TD n=26
	ASD vs DS
	ASD vs TD

	Items
	n scores
	(%)
	n scores
	(%)
	n scores
	(%)
	p-value
	p-value

	Name recognition
	22
	59,5
	1
	4,3
	0
	0
	<.001
	<.001

	Adequate response to removal of toy
	29
	78,4
	4
	17,4
	1
	3,8
	<.001
	<.001

	Adequate movements
	23
	62,2
	14
	60,9
	2
	7,7
	1.0
	<.001

	Interplay with parents
	31
	83,8
	6
	26,1
	0
	0
	<.001
	<.001

	Adequate eye contact
	15
	40,5
	0
	0
	0
	0
	<.001
	<.001

	Following pointing direction
	27
	73
	3
	13
	0
	0
	<.001
	<.001

	Pretend play
	31
	83,8
	2
	8,7
	0
	0
	<.001
	<.001

	Child pointing
	34
	91,9
	9
	39,1
	0
	0
	<.001
	<.001

	Building blocks
	18
	48,6
	4
	17,4
	0
	0
	.026
	<.001

	Kicking ball
	26
	70,3
	1
	4,3
	0
	0
	<.001
	<.001

	Two-word-sentences
	29
	78,4
	18
	78,3
	2
	7,7
	1.0
	<.001

	Waves good-bye
	25
	67,6
	2
	8,7
	0
	0
	<.001
	<.001


ASD; Autism Spectrum Disorders, DS; Down Syndrome, TD; Typically Developing children

We wanted to increase specificity, by selecting the nine most discriminative observations (the 12 original, excluding the observations regarding adequate movements, building blocks, and two-word-sentences).  
· We then found, among the 37 children in the ASD group, that 34 (92%) scored for three observations or more. The corresponding percentage among children in the DS and TD groups were 17% (3/23) and 0% (0/26), respectively. 
· Thus, using three scores as a cut-off, the sensitivity for the OSA would be 92%, and the false positive rate (1-specificity) among TD children would be 0%. The corresponding area under the ROC-curve, showing the over-all ability of OSA to detect autism, was 0.998 (95%CI: 0.994 - 1.000). 
[bookmark: _Toc487814107][bookmark: _Toc489356730]Evaluating the OSA in clinical setting   
A total of 21 out of 29 possible Child Health Clinics participated in the screening study during a 29 months long period. Out of an eligible population, 6450 children, parent´s to 2571children confirmed by written consent to participate in the study and perform the screening for ASD at their 30 months follow-up.  
· The mean age among the participants at the study closure (when ASD information was retrieved from the CAP unit) was 7.3 years, ranging from 6.0 to 8.9 years.  
· Out of the total study population screened for ASD, 106 children (4%) were referred to CAP for a further assessment due to suspected symptoms of ASD or other developmental disorders, during the period 2010-2016.
· The referral to the CAP for an ASD evaluation was not always performed by the CHC and not immediately after, as a result of the screening process. 
· In total, 26 children (1.01% of the study population) were diagnosed with ASD after a child neuropsychiatric evaluation (mean referral age 50 months, range 7-77 months). 
· Sixty-two percent of the referrals were made from a CHC-unit. 
· Social- or medical- services accounted for 7-11% of the referrals. 
· No children who were diagnosed with ASD were referred directly from their parents or families.  
In the screening, a majority of children had Swedish as the native language (68%). The most common non- Nordic language was Arabic which constituted more than half of the non-European language-group. 
· A majority, 89 % of all children and parents, performed both the OSA and M-CHAT screening. 
· The M-CHAT was more often available for children who had Swedish as their native language than for children speaking other languages (p<.001). 

Among the 2,571 children screened, performed with the 9-item OSA, and using three scores as cut-off, 35 children (1.4%) reached cut-off using the instrument.
· The items with the most frequent negative observations were; “child pointing”, “kicking ball”, “wave good-by”, “adequate response to removal of toy” and “pretend play”. 
· All items (with exception of “name recognition”) were significantly more often scored among children who were later diagnosed with ASD than among children in the non- ASD group (table 4).  



Table 4.
Association between ASD-diagnosis and negative OSA observations (individual OSA items, or sum of negative observations, respectively).
	
	ASD-diagnosis
	No ASD-diagnosis
	p-value for difference

	
	N=26
	N=2545
	

	
	n
	%
	n
	%
	

	OSA items (n with positive scores)
	
	
	
	
	

	1  Name recognition
	0
	0,0
	6
	0,2
	.941

	2  Adequate response to removal of toy
	5
	19,2
	64
	2,5
	<.001

	3  Interplay with parents
	3
	11,5
	4
	0,2
	<.001

	4  Adequate eye contact
	2
	7,7
	5
	0,2
	.002

	5  Following point direction
	4
	15,4
	27
	1,1
	<.001

	6  Pretend play
	6
	23,1
	51
	2,0
	<.001

	7  Child pointing
	8
	30,8
	135
	5,3
	<.001

	8  Kicking ball
	5
	19,2
	81
	3,2
	.002

	9  Waves good-bye
	8
	30,8
	68
	2,7
	<.001

	
	
	
	
	
	

	OSA, summary of scores
	
	
	
	
	

	0
	10
	38,5
	2237
	87,9
	<.001

	1-2
	11
	42,3
	278
	10,9
	<.001

	3-5
	2
	7,7
	28
	1,1
	.039

	6-7
	3
	11,5
	2
	0,1
	<.001




In table 5 the performance of OSA and M-CHAT are displayed, one by one and in combination, respectively, in detecting ASD. 
· The sensitivity ranged from 0.18 (test positive M-CHAT critical scores) to 0.45 (combination of test positive OSA or M-CHAT). 
· The false positive rates ranged between 20% (combination of test positive OSA and M-CHAT) and 93% (MCHAT). 
· The Negative Predictive Value (NPV) were all >99% whereas the PPV ranged from 7% (M-CHAT) to 80% (combination of test positive OSA and M-CHAT).  

Table 5. 
Performance of OSA and M-CHAT in relation to ASD, regarding sensitivity, specificity, and positive and negative predictive value.
	
	ASD-diagnosis
	No ASD-diagnosis
	Sensitivity
	False positive (1-specificity)
	Positive Predictive Value
	Negative Predictive Value

	
	N
	(%)
	N
	(%)
	
	
	
	

	OSA scores
	
	
	
	
	
	
	
	

	≥3
	5
	14.3
	30
	85.7
	0.19
	0.86
	0.14
	

	<3
	21
	0.8
	2515
	99.2
	
	
	
	0.99

	M-CHAT total scores
	
	
	
	
	
	
	
	

	≥3
	9
	7.4
	112
	92.6
	0.41
	0.93
	0.07
	

	<3
	13
	0.6
	2148
	99.4
	
	
	
	0.99

	M-CHAT critical scores
	
	
	
	
	
	
	
	

	≥2
	4
	50.0
	4
	50.0
	0.18
	0.50
	0.50
	

	<2
	18
	0.8
	2256
	99.2
	
	
	
	0.99

	Combinations
	
	
	
	
	
	
	
	

	OSA≥3 and M-CHAT ≥3a
	4
	80.0
	1
	20.0
	0.18
	0.20
	0.80
	

	OSA<3 or 
M-CHAT<3b
	18
	0.8
	2259
	99.1
	
	
	
	0.99

	OSA≥3 or 
M-CHAT ≥3c
	10
	7.9
	133
	92.1
	0.45
	0.93
	0.07
	

	OSA<3 and M-CHAT<3d
	12
	0.6
	2127
	99.4
	
	
	
	0.99


OSA (Observation Scale for Autism)
M-CHAT (Modified Checklist for Autism in Toddlers)
ASD (Autism Spectrum Disorder)
aCombination A: Three or more scores with OSA and three or more scores with M-CHAT
bCombination B: Less than three scores with OSA or less than three scores  with M-CHAT (compliment to combination A)
cCombination C: Three or more scores with OSA or three or more scores with M-CHAT
dCombination D: Less than three scores with OSA and less than three scores  with M-CHAT (compliment to combination C)


[bookmark: _Toc487814108][bookmark: _Toc489356731]Evaluating the Comprehensive Intensive Early Intervention (CIEI) program (paper IV)

The study group characteristics displayed that children in the intervention group (n=67) were enrolled at an earlier age (p<.001), and also more often had a developmental delay (p<.001), than children in the comparison group (n=27). The age at evaluation, and the other baseline characteristics were similar between the study groups.  
· We studied individual, and weighted mean ADOS-total score change between baseline and evaluation (figure 5).
· For each study group, the weighted mean slope was obtained using mixed effects models, taking all individual changes into consideration.
· One main finding in this study was that a significant improvement of the ADOS-scores was detected in the intervention group (p<.001), whereas no such improvement was seen in the comparison group (p=0.872). 
Figure 5. 
ADOS total test scores by age and study group. The groups mean slopes between baseline and evaluation tests were obtained using mixed effect models. 
[image: ]


We also found that among children with developmental delay, mixed effect models revealed a significant improvement of ADOS scores between baseline and evaluation (slope: -0.5, 95%CI -0.9 to 0.0, p=.030) among children in the intervention group, whereas no such improvement was detected in the comparison group (slope 0.0, 95%CI: -0.9 to 0.9, p=.979).  But, in the analyses, we could not detect any significant difference between the slopes (p=.371). 

Paired T-tests, and ANCOVA revealed that:
· Children in the intervention group significantly improved their ADOS total, and ADOS-severity scores between base line to evaluation. No such improvement was noted for children in the comparison group. 
· Children in the intervention group reduced their ADOS-total scores significantly more than did children in the comparison group, and adjustments for maternal parity (first child compared to children with older siblings), and developmental delay (both factors with p<.2 in the univariate analyses), changed the estimate only marginally. 
· Univariate analysis indicated (p=.06) a larger improvement of ADOS severity scores in children in the intervention group than in children in the comparison group, but when we adjusted for maternal parity and age at baseline assessment this indicated association disappeared.
· Developmental delay did not significantly influence ADOS total- or ADOS severity score changes (p=0.195, and p=0.762, respectively).   
One way of analyzing the results from the study was to compare change of ADOS-module by time point (baseline or evaluation, respectively), and study group. Children with positive module-changes, represents children who were tested with a more advanced ADOS-module at evaluation than at baseline. 
· The results showed that in the intervention group, 39 children (58%), compared to 14 children (54%) in the comparison group, were tested with a higher module at evaluation than at baseline. 
· No significant association between module change and study group was identified (adjusted p=0.2).




[bookmark: _Toc487814109][bookmark: _Toc489356732]Discussion

The overall aim of this thesis was to find evidence to establish a ”care chain” for detection of ASD in children at early age and giving proper interventions. The thesis is build on three main parts; evaluating risk factors for autism in a population in Malmoe city (paper I), developing and evaluating a screening instrument for ASD, the Observation scale for Autism (OSA) in the regular Child Health Care services (paper II, and Paper III), and evaluating the Comprehensive Intensive Early Intervention (CIEI) - program for preschool children with ASD in Skåne County (paper IV). The purpose was fulfilled by investigating the frequency of ASD in children in Malmoe; finding risk factors for ASD; to evaluate an easy-to-handle, cost-effective instrument, (OSA) for the detection of autism designed for earlier recognition in primary health care; and to evaluate an ongoing ABA-based behavioral and developmental intervention program in Habilitation services Region Skåne.
[bookmark: _Toc487814110][bookmark: _Toc489356733]Risk factors for autism
In our first study (Risk factors for autism and Asperger syndrome; perinatal factors and migration, 2011) we found evidence for a potential difference in the etiology of the two autism spectrum diagnoses. Maternal immigration outside the Nordic countries was positively associated with autism and negatively associated with Asperger syndrome. The reason for increased risk of autism in immigrant groups are discussed in the study and alternative hypotheses are proposed like; mothers who were born abroad, may have had an increased vulnerability to intrauterine infections; inborn men affected with autistic traits would be inclined to travel abroad in order to find female partners; or in children coming from African countries not able to get enough vitamin D from the sun due to dark skin. We also found a significant association with “any obstetric risk factor” and autism, while the estimate for Asperger syndrome was significantly different. This composite variable, “any obstetric risk factor” was calculated as a result from the 4 variables; <37 weeks of gestational age, small for gestational age, large gestational age, or Apgar <7 at five minutes. This disclosure suggests that obstetric sub-optimality really makes a true difference in the genesis of the two conditions. These results stress the importance to consider the conditions separately and what they represent when we now, according to DSM 5, only have one diagnosis, ASD (Autism Spectrum Disorder). Different groups within the spectrum have probably different aetiology and the severity of the autism symptoms and condition indicate different neurobiological development. The genetic influence and impact in understanding the aetiology of ASD need to be further investigated due to inconstant results from previous studies. Although we found evidence for environmental risk factors (obstetric)  to contribute to our understanding of what causes ASD, genetic risk factors must be considered as the major explanation. We also found that intellectual disability (ID) did not explain the differences between the diagnoses, due to the fact of significant different odds ratio for “any obstetric risk factor” for children with autism without ID compared to children with Asperger syndrome, indicating a true difference. The question of different etiology in different groups within the autism spectrum becomes even more important with the increased number of children being diagnosed due to increased detection rate, the spectrum becoming broader, and the change in criteria for ASD diagnosis. Similar to other investigators (Larsson et al., 2005; Maimburg and Vaeth, 2006; Reichenberg et al., 2006; Croen et al., 2007; Williams et al., 2008) the study showed a significant association with advanced maternal age at delivery and the risk of ASD. Investigating increasing parental age as risk factor, which is also suggested in previous studies to be significant risk factor to Asperger syndrome, was not possible in our study due to lack of information.  
The fact that we found a significantly lower prevalence of Asperger syndrome in immigrant groups compared to the autism group gave us the idea of a possible under-reporting of Asperger syndrome and high functioning autism in immigrant groups. The reason for this fact was hard to understand otherwise. It was also our clinical experience that milder forms of ASD were recognized later in children from immigrant groups than in children with parents from the Nordic countries. This idea and hypothesis gave support for our attempt to develop an instrument to detect ASD with even milder forms earlier in life, especially in children with different social, cultural and language background. 
[bookmark: _Toc487814111][bookmark: _Toc489356734]The development of Observation Scale for Autism (OSA)
The need for an easy to handle, non time consuming instrument for detecting ASD at the general 30 months follow-up at CHC centers in Malmoe was obvious when we first introduced our idea to screen for ASD symptoms. The CHC centers were already stressed with applied activities and often with families and parents with low experience of the Swedish language. It was important for us to achieve a working cooperation with the units to get the screening procedure performed. More than a hundred CHC nurses were educated in early signs for autism and how to handle the screening instrument, not to be time consuming, when meeting the child and family in the clinical setting. We specially developed the scale to minimize the influence of different culture and language background.
When evaluating the OSA (described under methods) in the small sample pilot –study,  results from children already diagnosed with ASD at 30 months was compared to typically developing (TD) children and children diagnosed with Down syndrome (a proxy for intellectual disorder). The result from the study, although a small sample, indicated that the OSA managed to discriminate children with ASD from both TD children and children with DS (p<.001 for a positive test result, ASD vs TD group, and ASD vs DS, respectively). We found the nine most discriminatory observations, all illustrating reciprocal social skills, to be satisfactory to give the OSA high sensitivity and low false positive rates, when using ≥3 score as cut- off. Our findings that the 9 observations;  ”kicking ball”, ”pretend play”, ”adequate response to removal of toy”, ”waves goodbye”, ”name recognition”, ”follow pointing direction”, ”child pointing”, ”interplay with parents” and ”adequate eye contact” illustrates early signs of ASD are consistent with Barabaro & Dyssanayake (2013) findings, who evaluated markers for ASD at 24 months. We also found that the assessment with OSA did not differ according to native language which was important as we hoped the instrument to be able to bridge language and cultural differences. Another intension we had was that the instrument should be independent of caregivers´ information, which is subjective and sometimes can omit important information that only can be detected in structured observations. Instead the OSA was developed to be used by trained CHC nurses who meet and perform health check-ups of hundreds of children per year, which we find is a strength for the instrument.
Despite obvious limitations in this pilot study, being small, and as the children in the three study groups was not ideally matched for gender and age, the results indicated that the OSA could be useful in screening for ASD in preschool children aged 30 months. This was especially important when used at CHC center with families with different culture and language background. We were aware that the results must be regarded with caution as the statistical analysis was performed on a very small study population. We were also fully aware that the OSA was not intended to be used as a stand-alone instrument for identifying ASD at CHC, but as a complement to the standard 30 months follow-up, to be suitable for selecting children for referral to neuropsychiatric clinics. In this further ASD diagnostic assessment at the CAP gold standard for ASD diagnosis such as ADOS and/or ADI would be used together a broad diagnostic evaluation. 
[bookmark: _Toc487814112]

[bookmark: _Toc489356735]Evaluating the OSA in clinical setting 
When using the OSA in general clinical settings at child health care centers 30 months follow-p, the person who perform the assessment must be confident with the instrument and how to interpret different actions, expressions and response from the child when items are instructed. The results from the study evaluating the OSA used at CHC centers, showed the instrument to have poor efficiency to detect children with ASD symptoms. In this clinical setting the OSA was evaluated and a comparison with results from the M-CHAT was available among the main part of the children (89%) in the study. Both the OSA and the M-CHAT showed low PPV as a “stand-alone-instrument” (PPV=14% and 7%, respectively) in detecting ASD in children before 6-9 years. The M-CHAT was evaluated in earlier studies, showing similar or even lower results as a level-1 instrument (Pandey, al., 2008; Kleinman et. al., 2008). 
As the results displayed, only 10 out of 35 children (29%) who reached OSA-cut-off were actually referred to CAP for further ASD evaluation. In 25 children (71%), despite the OSA results, the child was not considered at risk for ASD symptoms. It is unclear if this low referral rates depends on the fact that the CHC nurse didn´t react to the screened positive  OSA results or if the parents didn´t respond to  advice for further ASD assessment. 
When evaluating the Screening procedure together with the CHC- nurses many found the OSA to give crucial help in selecting children for further referral. However, several nurses experienced that some parents, when having less knowledge of ASD, didn’t find it necessary for their child to perform further assessments. This observation has also been noticed in earlier studies (Zweigenbaum et. al, 2016). 
In our Screening study we also found that the OSA failed regarding sensitivity. The results revealed that only 5 out of 26 children (29%) who were diagnosed with ASD at the CAP reached the OSA cut-off. The M-CHAT performance also showed low results in our study although somewhat higher sensitivity than the OSA (41% vs 19%), but at the same time showed higher false positive rates (93% compared to 86%). If the score results from the two tests were combined, the combinations either yielded acceptable sensitivity and low PPV (screen positive OSA or screen positive M-CHAT), or low sensitivity with acceptable PPV (screen positive OSA and screen positive M-CHAT). Thus, when used in the current clinical setting, we found none of the instruments, neither used one by one nor used in combination, showed satisfactory ability to identify children at risk for ASD.  
When we evaluated the results, we concluded that the study had some crucial limitations. Even though all participating CHC- nurses were educated in how to recognize early signs of autism and how to use the OSA instrument, the study management was not in full control of how the screening procedure was arranged and performed at each CHC-unit. If a more persistent surveillance and a closer cooperation between the study management and each CHC had been arranged it might have improved the performance of the OSA instrument. Still the experience from the current study produced a realistic estimate of the ability of the screening instrument to detect children with ASD in a truly naturalistic setting.
The conclusion from our true level-1 observation, with ambitions to create a screening system independent from parental awareness regarding their children’s development, was negative. Although the evaluation of the OSA, when used in a selected group of children, showed promising potential to detect children with ASD, the performance of the test in the clinical level-1 situation showed to be less impressive. High demands are required for a screening system designed to be performed on children without any previous suspicion of any developmental abnormalities. The benefits of early ASD detection must be weighed against the risk for false positive test results causing parents unnecessary worry. The time consumption of new tasks must also be considered before introducing new instruments to the already strained primary health care. The results from the current study, in line with previous ones evaluating other instruments, cannot support any recommendation to use either the OSA or the M-CHAT as “stand-alone-instruments” in the primary health care 30 month follow-up.  
[bookmark: _Toc487814113][bookmark: _Toc489356736]Evaluating the Comprehensive Intensive Early Intervention (CIEI) program

In this study, we showed that children in the intervention group improved their ADOS-total scores between baseline and evaluation. This improvement (lower ADOS-total scores at evaluation than at baseline) was not detected among children in the comparison group. For ADOS-total, the change was significantly more apparent among children in the intervention group than among children in the comparison group. For ADOS-severity scores, this difference was not detected between the study groups. Children in the intervention group improved their ADOS-total score even if a developmental delay was present, but to a somewhat lower degree than children without any intellectual disability.  We could not find that the results of the ADOS severity scores were influenced by developmental level.  
When evaluating a comprehensive intensive ABA-program for children with ASD like the CIEI-program, there are a number of substantial questions and variables to consider and keep in mind for the design of the study. We are fully aware there are limitations in the study making results difficult to interpret. 
For one thing, a randomized controlled study couldn´t be designed as the CIEI program was already offered all children in the Skåne region. Another thing was that one of the best the instruments to evaluate the effects of interventions like the CIEI-program, the Vineland adaptive behavior scale (VABS), could not be used. The children in our study were not assessed with this instrument, because it was not introduced in our organization when baseline assessments were performed.  The instrument available at baseline to best describe the severity of the ASD-symptoms was the ADOS. Together with intellectual development we could establish somewhat fair cognitive, social and communicative characteristics of the children before entering the CIEI-program or participate in the comparison group. Another limitation in the study was that the quality of interventions was not always under objective control as the program also involved parents and preschools staff. Other weaknesses, like different age between the groups at enrollment, were adjusted for in the analyses. 
We are also aware that the ADOS is not the optimal instrument for evaluating improvement of social and communicative skills as basic idea with the scoring system in ADOS is the axiom that the severity of autism is constant even if communication and verbal skills improve with age. 
Although limitations we find strengths in our study, being important representing a naturalistic design, and include children in a true clinical setting in habilitation centers. The results from the study support previous studies that have reported on significant improvement of autism symptoms after participating in intensive comprehensive intervention programs. We could also show that children affected with developmental delay also could benefit to a similar degree as other children.   
  

[bookmark: _Toc487814114][bookmark: _Toc489356737]Conclusions and further plans
The thesis was intended to cover and evaluate the importance of detecting potential risk factors for ASD, developing and evaluating a new screening instrument for early detection of ASD in 30 months old children, and to evaluate a comprehensive intervention program for preschool children with ASD. 
We wanted to find evidence for establishing a “care chain”, due to the importance of finding children with ASD symptoms early in life, giving proper interventions and supporting the family in achieving a workable everyday life. 
In our first study, we found evidence to separate children with Autistic disorder from children with Asperger syndrome when investigating risk factors for ASD:
· Children with Autistic disorder were more likely to suffer from obstetrical risk factors than children diagnosed with Asperger Syndrome
· Mothers born in non-Nordic countries were more likely to give birth to a child with Autistic disorder than mothers born in Sweden.
· Children with Asperger syndrome were more likely to have a mother born in Sweden than born in a non-Nordic country. 
· A significant difference was found between the groups.
· Asperger syndrome was suggested to be under-diagnosed in children who had a mother born in a non-Nordic country.
Furthermore, our first study indicated that there is a need to detect milder forms of ASD, (eg. Asperger syndrome) earlier in life than is done today. We found this especially important in children in immigrant groups. 

In the second and third study, a new observational screening instrument (OSA) for detecting ASD at 30 months was developed and evaluated.  
· The instrument was especially developed to be independent of language, social and cultural background of the children when used. 
· In a pilot study, the 12- item instrument was evaluated comparing three groups of children. 
· In the pilot study, the OSA was found to be able to differentiate children with ASD from typically developing children and from children with Down syndrome. 
In a second step the 9-item version of the OSA was used in screening for ASD, in clinical setting, in 21 out of 29 possible CHC units. Results from screening 2571 children with the OSA, was compared with results from that with the M-CHAT.
· The OSA showed to have too low sensitivity and positive predictive value to be used in the clinical setting it was designed for. 
· The M-CHAT performed equally poor. 
We conclude that the OSA, even if it seemed promising in the pilot study, cannot be recommended to be used as a level-1, “stand-alone-instrument” in a clinical setting for detecting children at risk for ASD. Like other investigators, we do not think it is possible develop a reliable screening instrument for ASD, to be used as a “solo-instrument”. The complexity of the disorder, and the variety of different signs and symptoms indicating any form of developmental delay, must be considered.

In our forth study we evaluated the effect of offering the Comprehensive Intensive Early intervention (CIEI) program for children with ASD in the habilitation services, Region Skåne. Results from the Autism Diagnostic Observation Schedule (ADOS) tests, pre- and post- intervention, were analyzed. The results of children participating in the CIEI program were compared with those of children whose parents (for any reason) refrained from letting their child attend the program.
· Results from the study showed that the CIEI-group improved their ADOS- total score between baseline and evaluation.  
· The comparison group did not show this improvement in ADOS-total score
· There was a statistically significant difference between the groups.
· The children in the CIEI-group also showed a significant improvement in their ADOS-severity score, but the improvement was not significantly different from the change in the comparison group.
· The study showed that also children with Intellectual disability (ID) in the CIEI-group significantly improved their ADOS score. No such improvement could be detected in children with ID in the comparison group. 
We are aware that we must interpret our results with great caution. Although we have identified a number of limitations in the study, we find it to be of uttermost interest to evaluate the effect of this time consuming and costly intervention program. The study indicates that children with ASD benefit from the CIEI-program, which would be an important piece of information for the habilitation and the Health services, providing intervention programs for children with ASD. We also found the program to be effective for children with ASD who also have a developmental delay. 

[bookmark: _Toc487814115][bookmark: _Toc489356738]Clinical implications
I believe, and hope, this thesis to be of general interest for future planning of the services for children with ASD. The early detection and recognition of autism spectrum symptoms is of great importance. However, we conclude that there is no easy way to detect children with these difficulties at early age. Instead, there is rather a need to disseminate knowledge of how ASD symptoms and signs can be recognized in toddlers, than finding an instrument that can easily tell us which child is at risk for being affected with ASD. We find it important to incorporate the Child Health Clinics in the “care- chain”, already including the Child and Adolescent Psychiatric Clinics for diagnostic assessment and Habilitation Centers providing Comprehensive Intervention programs. We also find it important to spread the knowledge of ASD symptoms in different language, social and cultural populations. In social cultures where these developmental abnormalities are still not recognized as neurodevelopmental delays, affected children are, unfortunately, provided adequate interventions first in late childhood or adolescence. 
We find it important to continuously evaluate the CIEI- intervention program. The current results are not final, but could cautiously be interpreted as encouraging for further development of the intervention CIEI-program. There is a need to better understand and recognize which specific parts of the program are important for which children. There is probably a need for specific interventions for every unique child diagnosed within the Autism Spectrum Disorder. 
Furthermore, the increasing numbers of children diagnosed with ASD stress the organization, and challenge the Health Services to deal with the heterogeneity within the group of children with ASD.  New form of interventions, and new treatment methods need to be developed and evaluated to deal with concurring neurodevelopmental abnormalities and psychiatric dysfunction, eg Attention Deficit/Hyperactivity Disorder (ADHD), or depression in children with ASD.
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